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The  selected  Ground  Power  Unit  configuration  described  in  the  report  and  the  associated 
specification  is  to  be  fabricated  into  concept  validation  models  thM  can  be  tested  on  the 
applicable  helicopters  to  verify  the  simultaneous,  multiple  output  of  ground  power 
parameters. 

This  report  has  been  reviewed  by  the  appropriate  technical  personnel  of  this  Directorate, 
who  concur  with  the  corwiusions  contairied  herein.  The  U.  S.  Army  Project  Engineer 
for  this  effort  was  Mr.  R.  L.  Campbell,  Sr.  of  the  Military  Operations  Tedinology 
Division. 
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SUMMARY 


The  purpose  of  this  effort  was  to  define  an  advanced 
Ground  Power  Unit  (GPU)  to  service  AAH  and  UTTAS  helicopters. 
The  GPU  was  to  be  lightweight,  air- transportable,  and  highly 
mobile,  and  use  aircraft  equipment  wherever  possible  to  elimi- 
nate component  development  and  simplify  GPU  logistics. 

Prior  to  initiating  concept  selection  activities,  the 
program  problem  statement  was  verified  through  visits  and 
interviews  with  airframe  manufacturers.  Based  on  data  gath- 
ered during  these  visits,  14  power  generation  subsystems,  3 
mobility  systems,  and  2 enclosure  systems  were  defined  (as 
shown  in  Figure  1)  and  then  evaluated  through  a series  of 
trade-off  analyses.  Evaluation  factors  used  in  the  trade-offs 
were  weight,  volume,  mobility,  cost,  reliability,  and  main- 
tainability. A series  of  weighting  factors  was  devised  for 
the  trade-off  analyses,  and  a simple  arithmetic  comparison  of 
various  candidates  was  performed  from  which  an  optimum  GPU 
concept  was  selected.  This  concept  was  then  compared  with 
existing,  current  fleet,  aircraft  requirements,  and  necessary 
changes  to  the  concept  were  defined.  This  information  was 
then  presented  to  a committee  of  Army  personnel  representing 
Aviation  Systems  Command  (AVSCOM) , Air  Mobility  Research  and 
Development  Laboratory  (AMRDL) , Training  and  Doctrines  Command 
(TRADOC) , Program  Manager-Mobile  Electric  Power  (PM-MEP)  and 
the  AAH-Program  Management  Office  (AAH-PMO) . 

As  a result  of  this  presentation,  an  Army  decision  was 
made  to  limit  GPU  applicability  to  the  YAH-64  (AAH) , UH-60A 
(UTTAS) , and  CH-47D  helicopters  since  these  aircraft  will  com- 
prise the  bulk  of  the  Army  VTOL  fleet  requiring  115  VAC,  400  Hz 
and  hydraulic  ground  power.  The  GPU  concept  selected  is  gas 
turbine-engine-driven,  having  an  integral  bleed  capability  and 
an  integral  two-pad  gearbox.  The  driven  accessories  are  a 
12,000-rpm  air  cooled  alternator  and  a 6000-rpm  hydraulic  pump. 
The  unit  is  self-propelled  using  hydraulic  drive  motors,  and  is 
housed  in  a fiberglass  enclosure  as  depicted  in  Figure  2. 

The  GPU  concept  was  optimized,  and  specification  and 
layout  drawings  defining  the  concept  were  prepared. 

In  parallel  with  specifications  and  drawings,  the  use  of 
an  advanced  auxiliary  power  unit  (APU)  engine  was  evaluated. 
Analyses  were  performed  of  integral  bleed  versus  shaft  driven 
compressor;  wide  range,  varicible  geometry  versus  interstage 
bleeding;  and  exhaust  acoustic  treatments  versus  recuperation. 
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Figure  1.  Ground  power  unit  system  trade-off  tree 


Army  advanced  ground  power  unit. 


utilizing  available  technology,  and  sized  for  the  application 
rather  than  selected  off  the  shelf,  the  optimum  advanced  APU 
was  determined  to  be  an  integral  bleed  air  machine  using  Small 
Turbine  Advanced  Gas  Generator  (STAGG)  derivative  components, 
relatively  higher  turbine  inlet  temperature,  and  a recuperator 
for  both  acoustic  and  fuel  consumption  benefits. 
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1 . 0  INTRODUCTION 


1 . 1 Background 

This  document  summarizes  an  analysis  defining  an  advanced 
ground  power  unit  (GPU)  to  provide  service  for  the  Advanced 
Attack  Helicopter  (AAH) , the  Utility  Tactical  Transport  Air- 
craft System  (UTTAS) , and  CH-47D  helicopter.  Present  APU- 
equipped  Army  aircraft  have  up  to  a 2:1  APU-to-aircraft-hour 
utilization  ratio.  With  increasingly  sophisticated  electronic 
gear  on  aircraft  such  as  the  AAH,  this  ratio  could  become  even 
higher,  resulting  in  degraded  aircraft  availability  due  to  high 
onboard  APU  usage. 

Using  the  GPU  for  all  maintenance  and  extended  running, 
the  on-board  APU  life  would  be  optimized  for  mandatory  aircraft 
pre-/post-f light  checkout  and  main  engine  starts  (MES) . An 
additional  benefit  gained  from  using  the  multioutput  GPU  is  in 
the  reduction  of  the  total  amount  and  variety  of  ground  support 
equipment . 

1.1.1  Pneumatic  Requirements 

No  pneumatic  supply  carts  are  presently  available  in  Army 
inventory.  AAH  and  UTTAS  flight  test  evaluation  trials  were 
conducted  using  surplus  MA-IA  Air  Force  carts;  current  Air 
Force  production  units  are  A/M32A-60.  Both  MA-IA  and  A/M32A-60 
carts  are  significantly  larger  than  required  to  service  these 
Army  aircraft. 

1.1.2  Hydraulic  Requirements 

Hydraulic  system  needs  are  presently  filled  by  MSU-1  or 
D5-B/C  carts.  The  MSU-1  is  heavy  and  expensive,  and  has 
demonstrated  poor  reliability.  The  D5-C  is  a lighter  weight 
unit,  but  supplies  only  hydraulic  services  and  will  not  meet 
reservoir  contamination  requirements  of  current  aircraft  sys- 
tems . 

1.1.3  Electrical  Requirements 

Electric  supply  can  be  provided  by  the  MSU-1  or  the  DOD 
standard  30-KW,  400-Hz  diesel-driven  generators.  However, 
these  sets  are  heavy  and  have  poor  reliability,  and  neither 
will  meet  GPU  mobility  requirements. 

1.1.4  Limitations 

All  of  the  existing  equipment  includes  one  or  more  of  the 
following  limitations: 
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(a)  Limited  in  application  (single  or  dual  services) 

(b)  High  v^eight 

(c)  Poor  reliability 

(d)  Poor  mobility 

(e)  High  cost 

Vhe  advanced  GPU  defined  by  this  study  overcomes  these 
limitations  and  provides  a lightweight,  compact  source  of  pneu- 
matic, electric,  and  hydraulic  power  in  a highly  mobile,  cost- 
effective,  reliable,  and  easily  maintained  package. 

1 . 2 Program  Objectives 

The  advanced  GPU  program  was  conducted  according  to  the 
plan  presented  in  the  sections  that  follov/  and  as  sho\m  graphi- 
cally by  Figure  3. 
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Figure  3.  Program  Plan  Flow  Chart. 
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2 . 0  CONCEPT  FORMULATION 


The  concept  formulation  task  was  comprised  of  defining 
general  portions  of  the  contract  Statement  of  Work  (SOW) , veri- 
fying specific  requirements,  and  gathering  component  data  and 
ideas  from  which  to  form  the  GPU  concepts  to  be  evaluated  in 
subsequent  tasks. 

2 . 1 Review  Contract  Statement  of  Work 

The  contract  SOW  was  a composite  of  specific  and  general 
requirements.  Specific  requirements  were  those  defining  GPU 
performance.  General  requirements  included  all  design  details 
by  which  specific  GPU  performance  characteristics  were  deter- 
mined, such  as  noise,  mobility,  enclosure,  design  and  materials, 
component  arrangements,  and  size.  From  a review  of  the  con- 
tract SOW  with  the  Government,  three  additional  requirements 
were  established; 

(a)  The  GPU  should  be  capable  of  highway  tow  at  speeds 
up  to  25  mph. 

(b)  The  GPU  should  be  towable  by  the  M151,  1/4- ton 
truck  in  addition  to  the  M-37  and  M-34  trucks. 

(c)  Hydraulic  system  considerations  for  the  analysis 
of  Section  4 should  include  3 micron  filtration 
for  the  CH-47D,  It  was  also  requested  that  out- 
put flow  for  the  CH-47D  should  be  29  gpm  at  3000 
psi;  however,  this  subsequently  proved  to  be 
erroneous  and  the  SOW  requirement  of  15  gpm  was 
determined  to  be  adequate. 

The  SOW  requirements  on  which  the  study  was  based 
are  summarized  in  the  paragraphs  that  follow. 

2.1.1  Specific  Requirements 

The  GPU  shall  provide  electrical,  hydraulic,  and  pneumatic 
power,  either  individually,  in  dual  combination,  or  all  three 
simultaneously  to  meet  the  minimum  ground  power  requirements 
for  the  Advanced  Attack  Helicopter  (AAH)  and/or  the  Utility 
Tactical  Transport  Aircraft  System  (UTTAS) . Subsystem  power 
generation  shall  include  integral,  automatic,  power  output 
controls  for  frequency,  pressures,  and  flows. 


(a)  Fuel  Supply  - The  GPU  design  shall  contain  an 
integral  fuel  supply  with  a usable  fuel  capacity 
for  2 hours  of  GPU  operation  at  maximum  power 
output  without  refueling.  Fuel  tank  drainage 
capability  shall  be  provided. 

(b)  Power  Plant  and  Drive  Subsystem  - The  GPU  power 
plant  and  power  generation  drive  subsystem  shall 
be  designed  to  include  the  following: 

(1)  The  GPU  power  plant  shall  be  essentially 
constant  speed  and  shall  not,  upon  being 
subjected  to  transients  in  GPU  output 
power,  droop  or  fluctuate  in  speed  causing 
output  power  to  fall  outside  limits  con- 
tained in  the  paragraphs  that  follow. 

(2)  The  power  plant  shall  operate  on  fuel  con- 
forming to  MIL-T-5624,  Grade  JP-4  or  JP-5. 

(3)  The  GPU  power  plant  and  drive  system  shall 
contain  an  integral  lubrication  system  and 
shall  be  operable  on  oil  conforming  to 
MIL-L-7808  or  MIL-L-23699. 

(4)  The  GPU  shall  have  an  integral  power  plant 
starting  system  with  the  capability  of  a 
second  start  attempt  if  the  first  is  not 
successful.  The  starting  system  shall  auto- 
matically recharge  during  GPU  operation. 

A backup  manual,  or  other  external  source, 
starting  system  recharge  capability  shall 
be  incorporated. 

(c)  Electrical  Power  Subsystem  - The  GPU  electrical 
power  generation  subsystem  shall: 

(1)  Produce  120/208-vac,  three-phase,  400-Hz  power 
with  up  to  a 20-KVA  output  capability.  Fre- 
quency, voltage,  and  phasing  shall  be  regu- 
lated by  an  integral,  automatic  monitor  and 
control  unit. 

(2)  Provide  signal  conditioning  to  produce  115-vac, 
60-H2  power  at  an  environmentally  protected 
outlet  on  the  GPU. 

(3)  Provide  an  ac  power  output  cable  with  an  end 
connection  conforming  to  MS25486. 
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(4)  Conform  to  the  power  quality  requirements  of 
MIL-STD-704A,  Category  B. 

(5)  Not  create  electromagnetic  interference  with 
the  subsystems  of  the  aircraft  to  which  the 
GPU  is  applied. 

(6)  Contain  controls  for  manual  subsystem  power 
flow  shutoff  in  the  event  of  subsystem  mal- 
function. 

(d)  Hydraulic  Power  Subsystem  - The  GPU  hydraulic 

power  generation  subsystem  shall: 

(1)  Produce  3000-psig  hydraulic  pressure  with  a 
minimum  flow  rate  of  15  gpm. 

(2)  Incorporate  relief  and  by-passing  valves  for 
excess  pressure  control  and  returning  excess 
fluid  flow  to  the  GPU  hydraulic  reservoir. 

(3)  Contain  an  integral  fluid  reservoir  conforming 
to  MIL- R- 8931,  fluid  cooling,  and  conform  to 
temperature  and  aeration  prevention  require- 
ments of  MIL-H-5440F,  Type  II  systems. 

(4)  Be  operable  on  MIL-H-5606  or  MIL-H-83282 
hydraulic  fluid  (MIL-H-5606  only  below  -40 ®F) . 

(5)  Contain  a 5-micron  absolute  fluid  filter 

and  subsystem  draining  and  purging  capability. 
For  the  Section  4 analysis,  a 3-micron  fil- 
tration level  is  required. 

(6)  Provide  a power  output  hose  with  a quick  dis- 
connect end  connector  conforming  to  self- 
sealing requirements  of  MIL-H-5440F. 

(7)  Contain  controls  for  manual  subsystem  power 
flow  shutoff  in  the  event  of  subsystem 
malfunction. 

(e)  Pneumatic  Power  Subsystem  - The  GPU  pneumatic  power 

generation  subsystem  shall  be  designed  tot 
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(h)  Ground  and  Air  Mobility  - The  GPU  shall  have  the 
following  ground  and  air  mobility  characteristics 
and  capabilities  (items  1 through  4 apply  only  if 
the  GPU  configuration  has  wheels) ; 

(1)  The  GPU  shall  have  integral  tow  fittings, 
steering,  and  ground  flotation  capability 
to  permit  towing  and  movement  at  up  to  2 
miles  per  hour  by,  as  a minimum,  an  M-37  3/4- 
ton,  an  M-34  2-1/2  ton,  or  an  M-151  1/4-ton 
cargo  truck  in  rough  unimproved  terrain. 

Rough,  unimproved  terrain  is  defined  as  a 
land  surface  area  sufficiently  free  of  stand- 
ing vegetation  to  permit  helicopter  flight 
operations  (landing  and  takeoff)  and  having  no 
prior  surface  preparation;  a soil  strength  as 
low  as  a one-pass  Cone  Index  of  50  combined 
with  up  to  3-percent  (2  degrees)  slopes,  grad- 
uating to  a one-pass  Cone  Index  of  125  com- 
bined with  a slope  of  up  to  27-percent  (15 
degrees) ; surface  depressions  or  protrusions 
of  6 in.  vertically  and  6 in.  wide,  with 
horizontal  spacing  between  such  depressions/ 
projections  of  as  close  as  10  feet. 

(2)  The  GPU  towbar  shall  have  a lunette  eye 
conforming  to  MS51336. 

(3)  The  GPU  shall  have  a turning  radius  of  not  more 
than  18  feet,  and  shall  have  an  integral,  manual 
brake  to  prevent  inadvertent  movement  on  a 27- 
percent  (15  degree)  slope. 

(4)  The  GPU  shall  be  towable  at  speeds  up  to  25  mph 
on  improved  roads . 

(5)  The  GPU  shall  be  air  transportable  by  UH-lH, 
UTTAS,  CH-47,  CH-54,  and  C-130  aircraft.  The 
GPU  shall  have  integral  sling  attachment  points 
cibove  the  center  of  gravity  and  shall  not 
require  GPU  configuration  modification  to  be 
airmobile  as  a helicopter  sling  load  or  as 
internal  cargo  in  the  above  fixed-wing  aircraft. 

(i)  Operational  Attitude  - The  GPU  shall  be  operational 
on  up  to  27-percent  (15  degrees  from  horizontal) 
slopes  when  parked  in  any  GPU  azimuth  on  such  slopes. 
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(j)  Output  Lines  - The  GPU  output  parameter  hoses,  lines, 
and/or  leads,  with  appropriate  connectors  for  air- 
craft attachment,  shall  not  be  less  than  30  feet 
long. 

(k)  Reliability,  Maintainability  and  Human  Factors  - 
The  GPU  shall  have  a minimum  service  life  of  5000 
hours,  a functional  mean-time-between-f allures  of 
at  least  500  hours,  and  an  on-condition  component 
overhaul  policy.  The  GPU  shall  retain  output  capa- 
bility of  the  remaining  parameters  if  one  output  mode 
(e.g.,  hydraulic)  is  inoperative.  The  GPU  shall  not 
pose  undue  hazards  to  operator  or  crew. 

2.1.2  General  Requirements 

Perform  a concept  formulation,  selection,  and  design  lay- 
out of  an  experimental  model  advanced  technology,  multi- 
parameter output  GPU  for  use  on  Army  developmental  helicopters 
(AAH  and  UTTAS) . The  GPU  shall,  as  a minimum,  be  designed  to 
provide  power  outputs  defined  herein  when  operated  in  the 
defined  environment,  possess  the  air  and  ground  mobility  char- 
acteristics set  forth,  and  be  significantly  lighter  and  more 
compact  than  current  inventory  power  units . The  GPU  and  GPU 
systems  shall  be  compatible  with  comparable  systems  on  board 
the  aircraft  which  it  services. 

In  performing  this  effort,  consider: 

(a)  Use  of  late- technology , flight-qualified  electrical 
and  hydraulic  power  generators  and  subsystem  compo- 
nents to  minimize  weight  and  increase  compactness. 

(b)  Use  of  late- technology  GPU  subsystem  components  which 
are  common  to,  and  interchangeable  with,  counterpart 
components  and  assemblies  on  the  aircraft  serviced 

by  the  GPU  to  yield  logistics  simplifications  via 
commonality. 

(c)  Use  of  a late- technology , off-the-shelf,  gas  turbine 
APU  having  compressor  bleed  air  capability  to  pro- 
vide required  pneumatic  power  outputs. 

(d)  Use  of  a derated  engine  to  provide  increased  GPU 
reliability  and  service  life. 

(e)  Use  of  high  flotation  wheels  and  tires  to  provide 
the  required  rough  terrain  mobility. 
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(f)  Use  of  lightweight,  high-strength  materials,  such 
as  titanium,  aluminum  and  composites,  in  GPU 
framing  and  structural  members  to  minimize  weight. 

(g)  Use  of  stored-energy  electrical,  hydraulic,  or  pneu- 
matic GPU  power  plant  starting  systems. 

(h)  Incorporation  of  a device  to  reduce  GPU  power  plant 
foreign  object  damage  and  internal  erosion  due  to 
sand  and  dust. 

(i)  Use  of  wheels  versus  skids  for  effect  on  mobility. 

(j)  As  an  objective,  an  operational  GPU  noise  level  of 
no  more  than  50  dB  at  10  feet  on  any  horizontal 
azimuth  from  the  GPU. 

(k)  A design  as  simple  as  possible  for  maximum  inherent 
reliability  and  maintainability. 

(l)  Modular  design  for  rapid  GPU  repair. 

2 . 2 Review  Existing  Equipment 

To  provide  a basis  for  comparison  of  the  new  design, 
existing  equipment  used  to  service  the  aircraft  in  the  AAH  and 
UTTAS  aircraft  competitive  fly-off  was  reviewed.  This  review 
provided  a significant  input  to  the  design  study,  which  showed 
the  lack  of  adequate  servicing  equipment  in  present  Army  inven- 
tory to  meet  requirements.  Equipment  used  consisted  of  the 
Army  MSU-1,  Air  Force  surplus  MA-IA,  and  the  Army  D5-B  hydrau- 
lic cart.  Although  each  of  these  carts  provided  part  of  the 
output  required,  none  provided  all.  The  equipment  used  was 
heavy,  bulky,  exhibited  poor  reliability,  and  generally  limited 
usefulness  for  its  intended  task. 

2.2.1  MSU-1 

The  MSU-1  was  a diesel-engine-driven  combination  electric 
and  hydraulic  servicing  cart  primarily  intended  for  shipboard 
use  and  was  originally  developed  under  Navy  Bureau  of  Weapons 
(BUWEPS)  auspices  by  Sun  Electric  Company.  Cart  outputs  are 
hydraulic  and  electric  (both  ac  and  dc) . The  MSU-1  is  self- 
propelled.  Disadvantages  of  the  MSU-1  were  high  weight,  bulki- 
ness, poor  reliability  (particularly  in  starting)  and  a limited 
output  capability  due  to  the  diesel  engine  power  level.  Human 
factor  characteristics  of  the  MSU  were  poor.  The  instrument 
panel  was  cluttered  and  difficult  to  read.  The  unit  was  noisy 
since  there  was  no  attenuation  of  body  radiated  noise  from 
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either  the  diesel  engine  or  hydraulic  pump.  In  addition,  the 
unit  displayed  all  normal  problems  of  diesel-engine-driven 
equipment  such  as  frequent  maintenance  requirements  for  the 
belts,  hoses,  and  fuel  injection  system  components,  requirement 
for  ether-assist  starting  at  any  temperature  below  70“F,  and 
difficult  servicing  due  to  the  packaging  arrangement,  size, 
and  weight  of  components  involved.  Availaibility  of  the  MSU 
was  significantly  compromised  by  the  hydraulic  engine  start 
system.  The  backup  arrangement  provided  either  an  external 
connection  for  a buddy  start  or  a hand  pump  to  recharge  the 
accumulator.  In  many  cases,  the  hand  pump  was  the  only  backup 
available.  Good  features  of  the  MSU-1  included  the  self  pro- 
pulsion feature,  the  hydraulic  system  flexibility  allowing 
operation  from  either  the  aircraft  or  MSU  reservoir,  and  the 
stowage  hooks  allowing  interim  ready  storage  of  the  service 
conductors . 

2.2.2  MA-IA 

This  cart  was  developed  by  AiResearch  for  the  USAF  in 
1955  and  was  the  USAF  standard  air  start  cart  through  the 
early  1970 's.  Approximately  3000  MA-lAs  were  produced  in  that 
period.  The  MA-lA  successfully  served  its  intended  purpose, 
i.e.,  air  starting  the  USAF  Strategic  Air  Command  (SAC)  fleet 
of  B-47  and  B-52  bombers.  Its  disadvantages  for  servicing  the 
AAH  and  UTTAS  were  based  on  the  fact  that  it  is  a pneumatic 
supply  only  and  had  about  twice  the  required  capacity  for  the 
helicopter  application. 

2.2.3  D5-B 

The  D5-B  was  used  by  at  least  one  of  the  AAH  contractors 
due  to  an  inability  to  get  the  MSU-1  to  operate.  The  D5-B 
provided  a hydraulic  test  capability,  but  it  was  limited  in 
application  due  to  its  single  output. 

2.3  Review  Aircraft  Requirements 

As  a further  aid  in  estadjlishing  the  study  basis  and  also 
in  verification  of  the  SOW,  an  effort  was  made  to  review  air- 
craft requirements.  It  was  felt  that  this  review  would  be 
best  accomplished  by  a visit  to  the  aircraft  manufacturers 
facilities.  Tasks  described  in  Paras.  2.2  and  2.4  were  also 
addressed  during  these  visits. 

Prior  to  the  visits  to  the  airframe  manufacturers  in 
August  and  September  197C,  a letter  requesting  the  visit  and 
presenting  a preliminary  questionnaire  was  sent  to  each  of  the 
potential  aircraft  manufacturers:  Hughes  and  Bell  tor  AAH,  and 
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Vertol  and  Sikorsky  for  UTTAS.  Recognizing  the  competitive 
nature  of  the  aircraft  progrcuns  at  this  time,  a means  was 
sought  to  protect  any  responses  that  could  compromise  the 
airframe  manufacturers  competitive  position.  If  properly 
identified,  it  was  found  that  certain  material  could  be 
exempted  from  distribution  under  the  Public  Information  Act. 
Throughout  the  progr«un,  all  data  that  was  felt  to  be  sensitive 
in  nature  was  stamped  "Competition  Sensitive,"  and  all  docu- 
ments reporting  this  information  carried  the  legend,  "This 
page/report  contains  proprietary  technical  information  exempt 
from  freedom  of  information  distribution  per  18  USC  1905." 

The  questionnaire  (Appendix  A)  sent  to  the  airframe  manu- 
facturers requested  general  information  dealing  with: 

o Aircraft  interface 

o Number,  type,  and  description  of  ground  service 
connections 

o Amount  and  type  of  input  power  required 

o Required  power  quality 

o Any  general  information  which  might  assist 

designing  the  GPU  for  aircraft  compatibility 

Prior  to  the  actual  visits,  a second  list  was  prepared  dealing 
with  more  specific  information  including  component  details 
such  as  vendor  name,  part  nximber,  capacity,  direction  of 
rotation,  etc.  This  list  dealt  primarily  with  the  component 
commonality  aspect  of  the  program. 

Results  of  the  visits  were  favorable.  Responses  generally 
exceeded  expectation.  However,  one  airframe  manufacturer  felt 
that  the  information  requested  was  of  a proprietary  nature 
and  provided  no  immediate  response  to  the  questions  submitted. 
This  led  to  problems  in  the  final  hydraulic  system  configura- 
tion which  will  be  discussed  in  Paragraph  5.1.2. 

Results  of  the  aircraft  review  are  shown  in  Table  1. 

2.3.1  Helicopter  Interface 

For  purposes  of  this  study,  the  helicopter  interface  was 
interpreted  to  include  compatibility  with  the  onboard  systems 
as  well  as  physical  ground  service  attachments  on  the  aircraft 
skin.  Three  basic  system  interfaces,  the  electrical,  hydraulic 
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and  pneiimatic,  were  required.  Because  the  ultimate  manufac- 
turers of  the  AAH  and  UTTAS  helicopters  had  not  been  selected 
at  the  time  the  study  was  initiated,  GPU  compatibility  with 
the  three  basic  interfaces  was  complicated  by  the  fact  that 
there  were  essentially  four  aircraft  models  involved. 

2. 3. 1.1  Electrical  Interface 

The  electrical  interface  connector  on  prototype  heli- 
copters conformed  to  MS9 0362-4.  Originally,  an  MS24 586-1 
connection  was  also  planned  for  use  on  the  Hughes  AAH.  How- 
ever, it  was  subsequently  deleted  so  that  all  aircraft  were 
consistent  and  compatible  with  standard  hardware.  The  Hughes 
YAH-64  also  has  an  AN2552  28-vdc  connector  which,  though  not 
required  for  normal  operation,  was  provided  for  convenience. 

All  the  prototype  aircraft  models  also  used  an  external 
power  monitor  conforming  with  MS24021-2  which  compared  input 
power  quality  with  the  requirements  of  MIL-STD-704A.  If  the 
external  supply  was  noncompliant,  the  monitor  would  reject  it 
by  opening  the  aircraft  external  power  relay.  Input  power 
features  checked  by  the  external  power  monitor  included 
frequency,  voltage,  and  phase  sequence.  The  external  power 
monitor  was  arranged  to  provide  its  own  dc  supply  by  converting 
external  ac,  thus  allowing  an  external  power  connection  even 
with  low  or  dead  aircraft  batteries,  or  with  the  aircraft 
battery  removed. 

The  ac  power  generating  capability  provided  on  the  air- 
craft was  relatively  consistent.  Three  of  the  four  aircraft 
models  used  a version  of  the  Bendix  Model  28B262  20-KVA,  400-Hz, 
12,000-rpm  air-cooled  alternator.  Different  dash  numbers  were 
used  to  represent  different  directions  of  rotation  and  detail 
design  features  to  fit  requirements  of  the  specific  application. 

A Lucas  30/45-KVA,  oil-cooled  12,000-rpm  machine  was  used 
on  one  aircraft  model. 

The  alternators  were  driven  directly  from  the  onboard 
APU  output,  or  from  the  aircraft  accessory  drive  gearbox.  One 
aircraft  employed  two  different  part  number  alternators:  a 30/ 

45  KVA,  oil-cooled,  12,000-rpm  unit  constant-speed-driven  for 
the  main  aircraft  supply,  and  the  Bendix  20-KVA  unit  previously 
mentioned,  which  was  APU-driven. 

The  generator  control  units  (GCUs)  used  in  each  case 
were  matched  to,  and  procured  as  a set  with,  the  alternator. 
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Direct  current  systems  varied  considerably  on  the  air- 
craft. None  of  the  aircraft  required  external  dc  power  supply 
for  normal  operation  although  some  did  make  provision  for 
external  dc  input.  All  four  aircraft  models  included  storage 
batteries,  primarily  for  instruments  and  control,  since  each 
employed  hydraulic  API)  starting.  All  the  aircraft  used  NiCad 
batteries  varying  in  size  from  6 to  22  ampere-hour  capacity. 
These  batteries  employed  charging  systems  ranging  from  simple 
transformer- rectifier  (TR)  units  to  very  sophisticated  battery 
condit ion  monitor  and  charging  systems  which  maintained  and 
advised  battery  condition  through  cockpit  indicators  on  a con- 
tinuous basis. 

2. 3.1.2  Hydraulic  Interface 

The  aircraft  hydraulic  interface  was  represented  by  two 
ground  service  hydraulic  quick-disconnect  attachments.  These 
varied  in  size  from  -8  (1/2  in.)  per  MIL-H-8790  for  the  pres- 
sure supply  to  -12  (3/4  in.)  for  the  system  return.  Generally, 
two  sets  of  attachments  were  provided:  one  for  the  flight  con- 
trol and  one  for  the  utility  hydraulic  systems.  System  flow 
requirements  varied  from  4 gpm  to  12  gpm  at  3000  psi.  Both 
UTTAS  models  also  used  3000  psi  systems  in  the  flow  range  of 
6 to  7 gpm.  Both  vented  and  pressurized  reservoir  systems 
were  utilized,  and  systems  were  comprised  of  individual  and 
modular  components.  Hydraulic  modules  included  the  pump, 
cooler,  fan,  filters,  and  bypass  and  relief  valves.  Use  of 
the  modules  was  intended  to  enhance  system  maintainability. 
However,  the  modularized  cost  was  two  to  three  times  that  of 
individual  components. 

2. 3. 1.3  Pneumatic  Interface 

The  aircraft  pneumatic  interface  allowing  ground  service 
connection  for  Environmental  Control  System  (ECS)  operation 
and  main  engine  starts  (MES)  was  a nipple  conforming  to 
MS33740.  Three  of  the  four  aircraft  models  used  onboard  APUs 
having  integral  bleed  capability.  The  Hughes  AAH  used  a shaft- 
driven  compressor  (SDC)  taken  off  the  accessory  drive  gearbox 
in  the  helicopter.  Since  the  Hughes  AAH  systems  were  designed 
for  a bleed  air  pressure  of  30  psig,  the  application  of  higher 
pressure  caused  some  matching  problems.  As  a result,  Hughes 
Initially  suggested  installing  a bleed  air  pressure  legulator 
in  the  GPU  to  limit  pressure  to  a level  compatible  with  the 
aircraft  equipment.  However,  this  was  later  found  to  be  un- 
necessary since  an  internal  pressure  regulating  device  (blow 
off  valve)  had  been  incorporated  into  the  aircraft. 

A summary  of  the  helicopter  interfaces  is  presented  in 
Table  2. 
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TABLE  2.  HELICOPTER  INTERFACES 


Aircraft  Electric  Hydraulic 


A MS90362  Receptable  Not  Fixed 

MS24 021-2  Power 
Monitor 
No  dc 
No  60  Hz 


B AN3114-2A  Receptacle  MIL-H-5440 

-12  Pressure, 
-16  Return 
Could  Use 
-8,  12 


QAD  Fittings 


MS24435  Utility 
Receptacle 
28  Vdc 
NO  60  Hz 


C MS90362-4 


D MS25486  End 

Connection 
No  dc 
No  60  Hz 


-12  Pressure, 
-16  Return 
Aeroguip  3200 
Series  QAD 
Increased  for 
MIL-H-5440 
from  -6,  -8 


Pneumatic 


MS33740  Nipple 


MS33740  Nipple 


MS33740  Nipple 


MS33740  Nipple 
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2.3.2  Helicopter  Components 

Since  one  of  the  desirable  GPU  system  characteristics  was 
commonality  with  aircraft  components,  systems,  and  subsystems, 
a tabulation  of  these  items  was  made  during  the  visits  to  the 
airframe  manufacturers. 

Components  listed  included  the  APU,  alternator  and  regu- 
lator, hydraulic  pump,  battery,  start  accumulator,  start  motor, 
start  initiator  valve,  hydraulic  reservoir,  battery,  battery 
charger/condition  monitor,  and  any  other  equipment  used  on  the 
aircraft  which  might  have  been  applicable  to  the  GPU.  This 
listing  is  shown  in  Table  3. 

Generally,  it  appeared  that  aircraft  APU,  generator,  and 
possibly  start  system  components,  might  have  been  useful  in 
the  GPU.  Because  of  smaller  capacity  or  complexity,  aircraft 
hydraulic  system  components  were  not  useful. 

2.3.3  Ground  Service  Requirements 

In  addition  to  helicopter  system  descriptions  and  identi- 
fication of  components  by  part  number,  it  was  recognized  that, 
in  some  cases,  ground  service  requirements  might  be  in  excess 
of  those  provided  by  the  onboard  APU.  This  possibility  was 
addressed  in  the  questionnaire  sent  to  the  aircraft  manufac- 
turers, Responses  generally  indicated  duplication  of  onboard 
APU  performance  requirements/capabilities  except  for  the  Bell 
AAH.  Bell  ground  service  requirements,  all  well  in  excess  of 
APU  capabilities,  were  stated  to  include  up  to  30  KVA,  400  Hz 
and  6 KW  28  vdc,  electrical;  20  gpm  at  3000  psi  hydraulic;  and 
80  Ib/min  at  55  psia  pneumatic.  It  was  assumed  that  (1)  the 
hydraulic  requirement  was  established  to  enable  powering  both 
utility  and  flight  control  systems  simultaneously  with  maximum 
flow  on  both,  and  (2)  the  pneumatic  requirement  would  allow 
both  air  conditioning  and  main  engine  start  simultaneously. 
Recognizing  the  GPU  output  would  at  least  match  onboard  APU 
output,  the  concept  formulation  was  undertaken,  assuming  that 
duplicating  APU  output  would  allow  adequate  performance  to 
satisfy  all  normal  ground  service  requirements. 

2.3.4  Mobility 

The  contract  SOW  specified  that  an  evaluation  be  made  of 
both  skid-mounted  and  wheeled  devices  for  this  study.  Further 
evaluation  of  intended  usage  of  the  GPU  indicated  that  the  SOW 
rough  terrain  description  truly  defined  the  potential  laager 
area  in  which  the  GPU  would  be  deployed.  In  this  kind  of 
situation,  GPU  usefulness  would  be  seriously  degraded  if  it 
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TABLE  3.  TABULATION  OF  AIRCRAFT  HARDWARE 


Alternator 

- Bendix  28B262-32  ^ 

Pump  - VerxSor  not  Assigned 

Integral  APU  Bleed 

20  KVA,  400  Hz  . 

3000  psi  - 12  gpm 

for  MES  and  ECS 

Air  Cooled  - 

8016  rpm  0.38  cidr. 

12.000  rpm  - CCW  ' 
Looking  at  Anti« 

Cooler 

Drive  End 

Accumulator 

GCU 

Bendix  21B17«60 

Initiator  Valve 

Contactor 

(Start  Solenoid) 

Battery 

Reservoir 

A.C.  Power 

Monitor  MS24021-2 

TR  Unit  - 

Wagner  Electric 

28  VS  1004-16 

100  amp 

Alternator  - Bendix  28B262-30 

20  KVA,  400  Hz 

Air  Cooled 

12,000  rpm 

Pump  - 3000  psi  - 4 gpm 

Cooler 

Accumulator  250  in.^ 

Load 

Load 

Compressor 

Valve 

GCU 

Bendix  21B17-61 

B 

CT 

AC  Power 

Bendix  2B91-1 

Monitor  - MS24021-2 
Dynamic  Controls 
Corp.  DC10786-6 

Initiator  valve  - Build  ' 

into  Accumulator 

i 

TR  Unit 

Bendix  9B40-10 

Battery 

Lead-Acid  - 17 
amp- hr  1 

Alternator*  Bendix  26B302-8 
30/45  400  Hz  Oil 
Spray  Cooled 
12,000  rpn? 

GCU  Bendix  21B17-55 


Integral  APU  Bleed 
for  NES  and  BCS 


GCU  Ben 
CT  Ben 
AC  Power  Monitor 
Contactor 

Battery 


Bendix  2B103-1 


System  Uses  Pump, 
Cooler,  Reservoir 
Module  - Approx. 

6 gpm  capacity 


Alternator  - Lucas  AE2152 

Pump/Cooler/Fan 

Integral  APU  Bleed 

40  KVA  - Oil 

Module  - Kelsey-Hayes 

for  MES  and  ECS 

cooled. 

' 7 gpm  - 3000  psi 

12,000  rpm 

cooler  - UAP 

GCU  Lucas  AE7063 

^ Accumulator  - Parker 

CT  Lucas  AE5795 

Hannifin  - 300  in.^ 

AC  Power  Monitor 

1 Original  Design 

Battery  6 amp-hr 

Initiator  Valve  - 

Nicad-Gulton 

Sterer  Vertol  P/N 

TR  Unit  SAFT  EMBS-143A 

Cond  Monitor  (integrated 
with  battery) 

Contactor  - Hartman 

Electric  B233K 

' 179-32106-1 
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were  skid-mounted.  Bolting  the  skid-mounted  device  to  a 
trailer  would  not  provide  any  significant  improvement.  There- 
fore, it  was  felt  that  the  towed,  wheel-mounted  device  was  the 
only  viable  approach  to  the  problem.  This  supposition  was 
later  proven  in  the  numerical  evaluation  of  the  systems  during 
the  concept  selection  task.  During  discussions  of  the  GPU  con- 
cept with  the  airframe  manufacturers,  it  was  suggested  that 
the  advanced  GPU  should  be  self  propelled.  These  suggestions 
were  again  based  on  anticipated  usage  for  the  equipment. 

Normal  laager  deployment  would  place  the  aircraft  to  be  main- 
tained at  least  30  meters  apart  and  hidden  by  camouflage  or 
natural  foliage.  A towed  device  would  have  to  be  moved  by 
another  vehicle  in  the  rough  terrain  conditions  that  could 
exist  since  the  tow  load  could  approach  500  pounds.  With 
anticipated  repair  times  on  the  order  of  30  minutes  to  1 hour, 
this  would  demand  full-time  assignment  of  a tow  vehicle  to  a 
GPU  to  ensure  adequate  GPU  utilization.  For  this  reason,  a 
self-propelled  device  was  also  considered.  Both  separate 
drive  motors  and  drive  devices  powered  by  the  onboard  power 
supply  were  considered. 

2.3.5  General 

Several  suggestions  and  comments  were  received  from  the 
airframe  manufacturers  that  appeared  to  be  appropriate  for 
consideration  during  the  concept  formulation  task. 

2. 3.5.1  Fire  Protection 

Because  the  GPU  would  be  deployed  in  close  proximity  to 
the  aircraft,  consideration  should  be  given  to  the  GPU  fire 
hazard  with  regard  to  extinguishers,  contained  flammable 
fluids,  and  as  a potential  ignition  source.  Since  the  GPU 
would  store  fuel,  oil,  and  hydraulic  fluid,  care  should  be 
taken  in  the  system  design  to  minimize  potential  hazards  to 
the  aircraft.  This  problem  was  compounded  since  high  tempera- 
ture components  of  the  GPU  engine,  whether  gas  turbine  or 
diesel,  also  represented  an  ignition  source. 

2. 3.5.2  Infra  Red 

No  recognition  was  given  to  GPU  infra-red  characteristics 
in  the  contract  SOW.  Although  helicopter  deployment,  paint, 
and  camouflage  techniques  were  all  developed  to  minimize  unit 
detectability  by  visual  or  infra-red  detection  devices,  the 
GPU  would  be  operating  in  close  proximity  to  the  aircraft.  The 
GPU  would  generate  a significant  infra-red  signature  due  to 
power  plant  exhaust  plume  and  hot  metal  parts  associated  with 
the  system  exhaust. 
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2. 4 Component  Survey 


Since  a niimber  of  the  components  used  on  the  helicopters 
were  not  applicable  to  the  GPU  due  to  size,  cost,  or  complex- 
ity, it  was  determined  that  an  outside  survey  should  be  made 
to  provide  an  adequate  array  of  combinations  to  satisfy  system 
requirements.  Surveys  were  made  to  maintain  commonality  with 
aircraft  hardware  and  provide  flight  qualified  aircraft  type 
hardware  to  minimize  weight  and  volume. 

2.4.1  Power  Plant 

The  contract  SOW  was  written  specifically  toward  a gas 
turbine  GPU  power  plant.  However,  with  increased  emphasis 
placed  on  fuel  consumption  and  fuel  economy,  it  was  requested 
that  the  diesel  engine  be  evaluated  as  a part  of  this  study. 

For  this  reason,  both  gas  turbine  and  diesel  engines  were  con- 
sidered. 

2. 4. 1.1  Gas  Turbine 

Each  aircraft  model  considered  in  this  analysis  (AAH, 

UTTAS  and  CH-47D)  study  has  an  onboard  gas  turbine  APU.  Al- 
though different  modes  of  output  power  extraction  were  em- 
ployed (pure  shaft  or  combination  bleed  and  shaft) , the  aero- 
dynamic output  capability  of  each  was  over  200  shp.  Since 
output  power  required  for  the  application  was  only  115  shp 
(Table  4) , it  was  evident  that  helicopter  APUs  would  be  sig- 
nificantly derated  in  the  GPU  application.  None  of  the 
helicopter  APUs  exactly  fit  the  GPU  application  since,  ideally, 
the  GPU  power  plant  should  be  either  a pure  shaft  machine  with 
three  output  pads  to  drive  a compressor,  alternator,  and  hy- 
draulic pump,  or  a two-pad  with  integral  bleed.  Since  there 
was  a limited  number  of  gas  turbine  power  plants  in  this  power 
class,  it  was  determined  that  the  best  approach  would  be  to 
survey  available  power  units  and  try  to  make  an  optimal  selec- 
tion from  the  available  hardware. 

Data  on  AiResearch  candidates  was  available  within  the 
AiResearch  facility.  However,  it  was  necessary  to  solicit 
information  from  other  small  gas  turbine  manufacturers. 
Accordingly,  a letter  of  inquiry  was  sent  to  Solar  Division, 
International  Harvester;  Detroit  Diesel,  Allison;  and  Williams 
Research.  These  manufacturers  all  had  equipment  in  the  approx- 
imate size  required  to  satisfy  GPU  output  power  requirements. 
Four  gas  turbine  models  were  considered  as  candidate  power 
plants  for  the  advanced  GPU:  the  AiResearch  Model  GTCP36-50D, 
a variation  of  the  APU  used  on  the  A-10  aircraft;  the 
AiResearch  Model  GTCP36-55C,  the  APU  used  on  the  Hughes  AAH; 
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TABLE  4.  SUBSYSTEM  REQUIREMENTS 


the  Solar  Model  T62T-40,  the  APU  used  on  the  UTTAS  aircraft; 
and  the  Williams  Research  WR-27,  the  APU  used  on  the  Lockheed 
S3A.  Characteristics  of  these  gas  turbines  are  shown  on 
Table  5. 

Since  hardware  descriptions  available  for  gas  turbines 
other  than  AiResearch  were  inadequate  for  design,  the  study 
was  based  on  AiResearch  engine  models.  It  was  felt  that  this 
approach  would  allow  a valid  comparison  and  selection  to  be 
made  since  the  characteristics  of  units  considered  were  so 
similar. 

2 .4 .1 . 2 Diesel 

Four  diesel  engines  were  evaluated  as  applicable  to  the 
GPU,  each  of  which  was  significantly  larger  than  the  engine 
used  in  the  MSU-1.  A larger  engine  was  required  for  this 
application  since  the  advanced  GPU  would  be  required  to  pro- 
vide all  three  services  simultaneously,  whereas  the  MSU-1  was 
required  to  provide  only  one  or  two  services  at  reduced  output 
power  levels.  The  diesel  engine  data  was  derived  from  QPL 
11276.  Diesel  cost  information  was  obtained  by  USAAMRDL  from 
Mobility  Equipment  Research  and  Development  Command  (MERADCOM) . 
The  diesel  engine  models  evaluated  included  the  Detroit  Diesel 
Models  4V-53  and  6V-53;  the  Allis  Chalmers  A-C2300;  and  the 
Cummins  V-470.  Evaluation  of  the  Cximmins  engine  was  eventually 
stopped  when  it  was  found  that  this  was  a "throw-away"  engine. 
Long  service  life  is  a requirement  for  the  GPU;  as  a result, 
this  kind  of  an  engine  did  not  appear  appropriate  for  this 
study . 

2.4.2  Hydraulic  System 

Although  a large  number  of  components  comprised  the  GPU 
hydraulic  system,  only  the  hydraulic  pump  and  reservoir  system 
were  considered  for  trade  off.  The  contract  SOW  required  that 
the  hydraulic  system  be  designed  to  basic  requirements  of 
MIL-H-5440  and  that  the  reservoir  conform  to  MIL-R-8931.  These 
two  military  specifications  provided  severe  design  restrictions 
on  the  hydraulic  system,  and  necessarily  limited  the  kinds  of 
hardware  that  could  be  used. 

2. 4. 2.1  Hydraulic  Pump 

The  basic  SOW  requirement  to  consider  aircraft-qualified 
components  wherever  possible  was  followed  in  the  hydraulic 
pump  selection.  However,  it  was  felt  that  the  aircraft 
hydraulic  pumps  availedile  to  perform  the  required  function  in 
the  GPU  system  were  not  of  adequate  reliability  to  completely 
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TABLE  5.  POWER  PLANT  CHARACTERISTICS 
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(4)  T62  weight  is  estimateci  basecJ  on  bare  engine  (90  lbs)  plus  instal- 

lation an(3  accessory  components  (starter,  loacS  control  valve,  an<3 
inlet  plenum) . 


satisfy  all  contract  requirements.  For  this  reason,  an  array 
of  commercial  hydraulic  pumps  was  also  considered.  Discussions 
with  various  equipment  suppliers  and  hydraulic  system  design 
engineers  indicated  that  the  main  cause  for  a lack  of  system 
reliability  in  any  hydraulic  system  was  a lack  of  cleanliness 
and  pump  speed  and,  therefore,  deterioration  due  to  wear.  For 
this  reason,  it  was  determined  that  each  pump  considered  would 
be  run  at  less  than  full  rated  capacity  and  at  less  than  the 
pump  rated  speed  to  enhance  life  and  reliability.  Evaluation 
of  the  commercial  pumps  considered  immediately  revealed  a 
second  problem,  in  that  the  drive  speed  required  was  consider- 
ably lower  than  that  normally  found  in  aircraft  hydraulic 
pumps.  Aircraft  system  pumps  normally  operate  in  the  speed 
range  of  4000  to  8000  rpm,  whereas  commercial  pumps  operate 
generally  in  the  speed  range  of  1500  to  2000  rpm.  Character- 
istics of  the  hydraulic  pumps  considered  are  shown  in  Table  11, 
Page  66. 


2. 4. 2. 2 Reservoir  System 

Contract  requirements  specified  that  the  hydraulic  system 
reservoir  be  Type  II,  which  required  that  hydraulic  fluid  be 
separated  from  ambient  air  by  a membrane,  diaphragm,  or  piston. 
Review  of  existing  aircraft  equipment  indicated  that  both  the 
AAH  and  UTTAS  aircraft  models  use  a pressurized  reservoir  sys- 
tem. The  system  selected  for  the  GPU  would,  necessarily,  be 
required  to  fit  all  variations  in  the  aircraft  systems. 

2.4.3  Electrical  System 


Electrical  systems  for  the  GPU  would  consist  of  400  Hz  ac, 
60  Hz  ac,  and  28  vdc.  The  400-Hz  ac  system  was  the  prime  power 
supply  used  to  service  the  aircraft.  The  60-Hz  ac  requirement 
was  intended  as  a convenience  to  satisfy  the  need  for  mainte- 
nance lighting  and  small  hand  tools.  The  28-vdc  system  would 
be  used  for  GPU  battery  charging  only,  since  there  was  no  need 
for  external  28-volt  power  to  the  applicable  aircraft. 

2. 4. 3.1  400  Hz  Electrical  System 

Electrical  system  rating  and  performance  were  established 
in  the  SOW.  A 20-KVA  system  was  required  to  meet  AAH  and  UTTAS 
aircraft  needs,  and  the  power  quality  was  to  conform  with 
requirements  of  MIL-STD-704A,  Category  B. 

Based  on  these  requirements,  inquiries  were  sent  to  cer- 
tain manufacturers  to  determine  the  types  of  electrical  gene- 
rating systems  that  should  be  considered  for  the  GPU.  The 
"system"  was  to  consist  of  the  generator,  generator  control 
unit  (GCU) , and  current  transformers  (CTs) . The  GCU  was  to 
include  the  regulator,  logic,  and  protective  devices. 


39 


Prospective  suppliers  were  requested  to  place  primary  emphasis 
on  systems  already  on  military  aircraft,  preferably  Army.  The 
work  statement  included  in  Appendix  B was  sent  to  the  following 
vendors : 


o Bendix  Corporation,  Eatontown,  N.J. 

o Westinghouse  Electric,  Lima,  Ohio 

o General  Electric  Company,  Erie,  Pa. 

o Lear  Siegler,  Cleveland,  Ohio 

o Lucas  Aerospace,  Yorkshire  England 


2.4. 3.2  Battery  Charger  System 

A battery  charger  system  would  be  required  for  the  GPU 
regardless  of  the  GPU  power  plant  start  system  chosen.  This 
was  necessary  due  to  the  need  for  some  minimal  23-vdc  capa- 
bility for  instrumentation  and  control.  A system  independent 
of  batteries  could  be  conceived,  but  the  additional  cost  and 
complexity  of  fitting  a permanent  magnet  generator  (PMG)  and 
associated  controls  to  the  existing  off-the-shelf  power  plant 
would  far  outweigh  any  system  weight  advantage. 


Due  to  interrelationships  with  other  GPU  systems,  select- 
ing the  battery/charging  system  was  not  simple  and  straight- 
forward. If  only  AAH  and  UTTAS  were  considered,  the  primary 
selection  factor  would  be  the  GPU  start  system,  i.e. , the 
battery  size  for  electric  versus  hydraulic  or  pneumatic 
starting.  If  all  aircraft  analyzed  in  Section  3 were  con- 
sidered, with  their  requirement  for  28-vdc  electric  supply,  a 
large  TR  unit  sized  for  external  aircraft  requirements  would 
become  the  primary  factor,  with  battery  charging  only  a 
secondary  function.  A third  consideration  was  the  60-Hz  ac 
system  size  requirement  since  a possible  selection  might  con- 
sider a large  TR  unit  with  additional  capacity  to  convert  part 
of  the  28  vdc  to  60  Hz  ac.  Another  potential  arrangement 
evaluated  used  a 28-vdc  starter-generator.  This  scheme  was 
dropped  in  preliminary  screening  because  of  higher  cost,  higher 
maintenance,  and  potential  power  plant  gearbox  modifications 
required  to  convert  the  high-speed  starter  pad  to  a lower 
speed  compatible  with  existing  starter-generators. 

2 . 4 . 3 . 3 60-Hz  System 

The  amount,  quality,  and  characteristics  of  60-Hz  power 
were  undefined  in  the  SOW.  Therefore,  two  approaches  were 
taken  to  establish  a 60-Hz  system.  One  approach  was  to 
determine  what  type  of  60-Hz  supplies  were  available  as  a part 
of  Army  aircraft  equipment.  The  other  was  to  analyze  the 
Aviation  Unit  Maintenance  (AVUM)  tool  list  to  ascertain  what 
type  of  equipment  was  likely  to  be  used  on  the  60-Hz  supply. 
This  analysis  also  explored  equipment  power  needs,  i.e.,  motor 
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starting  current,  harmonic  content,  voltage  regulation  and 
level,  connector  plug  type,  and  frequency  sensitivity. 


Thirteen  manufacturers  of  60-Hz  power  supplies  were  con- 
tacted. In  addition  to  determining  the  various  power  supply 
characteristics,  relative  advantages  of  each  type  were  also 
established.  Both  rotary  and  static  types  were  investigated. 
Units  operating  directly  from  400-Hz  input  were  evaluated 
against  units  operating  from  a dc  input.  Both  low  and  high 
voltage  (28  and  115V,  respectively)  dc  levels  were  considered. 
During  analysis  of  dc  input  types,  possible  trade-offs  with 
battery  charging  requirements  were  also  investigated. 

The  manufacturers  contacted  and  significant  characteris- 
tics of  their  respective  units  included  the  following; 

Manufacturer  Unit  Characteristics 


o 

Advanced  Conversion 
Devices 

Passaic,  New  Jersey 

dc  to  60  Hz  primarily,  but 
could  build  400-  to  69-Hz  sine 
wave  output 

o 

Flitetronics 

Burbank,  California 

dc  to  60  Hz,  250  va  optimum 
size,  but  can  parallel  units 
for  higher  output 

o 

Unitron 

Garland,  Texas 

400  to  60  Hz  available,  military 
qualified;  3.5-KVA  unit  designed 
for  UTTAS 

o 

TOPAZ  Electronics 

San  Diego,  California 

Can  supply  dc  to  60  Hz  or  400 

60  Hz.  Wide  range  of  catalog 
mode 1 s 

o 

Deltec  Corporation 

San  Diego,  California 

dc  to  60  Hz  only 

o 

Interelectronics 
Congers,  New  York 

dc  to  60  Hz;  has  supplied  many 
units  for  airborne  applications 

o 

Nova  Electronics 

Nutley,  New  Jersey 

Can  supply  dc  to  60  Hz  and  400 
to  60  Hz 

o 

Willmore  Electronics 
Durham,  North  Carolina 

dc  to  60  Hz  only;  telephone 
company  usage;  temperature 
limited;  square  wave  output 

o 

Delta  Electronics 

dc  to  60  Hz  or  400  to  60  Hz; 
prefer  higher  dc  voltage  for 
lighter  weight 
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Manufacturer 


Unit  Characteristics 


o Power  Tech 

Chatsworth,  California 

o Abbott  Transistor 

Los  Angeles,  California 

o Leland  Electronic 

Vandalia,  Ohio 


o Computer  Power 

Madison,  New  Jersey 


dc  to  60  Hz  only;  limited  to 
600  watts 

dc  to  60  Hz  only;  320  va  a 
largest  size  presently  available 

Rotary  MG  set,  400  Hz  in,  60  Hz 
out;  qualified  for  military 
aircraft 

dc  to  60  Hz,  sine  wave  output 


Following  initial  contacts,  problem  statements  were  sent 
to  manufacturers  indicating  interest  in  the  program  and  having 
units  considered  suitable  for  the  intended  use.  The  problem 
statement  is  included  as  Appendix  C. 


Manufacturers  responses  were  analyzed  and  summarized  as 
shown  in  Table  6.  Several  factors  became  evident  as  a result 
of  the  analysis.  Evaluation  parameters  could  not  be  confined 
to  the  established  weight,  volume,  cost,  reliability,  main- 
tainability, and  mobility.  Performance  characteristics,  effi- 
ciency, commonality,  wave  shape,  temperature  limits,  overload 
capability,  regulation,  and  protective  circuitry  all  appeared 
to  represent  significant  evaluation  factors  which  should  be 
considered  in  the  trade-off  described  in  Section  3.  The  60-Hz 
systems  considered  are  shown  in  Figure  4. 

2.4.4  Mobility 


To  enhance  AiResearch  capability  in  the  mobility  system, 
services  of  Vehicle  Systems  Development  Corporation,  experts 
in  the  field  of  vehicle  mobility,  were  employed.  Vehicle 
Systems  provided  mobility  system  descriptions  that  were  used 
in  the  AiResearch  technical  proposal.  A visit  was  made  to 
Vehicle  Systems  shortly  after  receipt  of  the  contract,  during 
which  a problem  statement  and  cost  estimate  were  obtained. 

The  GCU  mobility  problem  statement  was  well-defined  in  the 
contract  SOW.  Rough-terrain  mobility,  soft-soil  mobility,  and 
vehicle  tow  capability  were  all  specified.  Vehicle  Systems 
agreed  that  to  meet  these  contract  requirements,  towed  vehicles 
suspended  on  high  flotation  tires  and  both  solid  and  sprung 
axles,  would  be  evaluated.  Consideration  would  also  be  given 
to  a skid-mounted  device  and  a self-propelled  device,  based  on 
one  of  the  wheeled  versions.  Early  in  the  GPU  concept  formula- 
tion task,  additional  requirements  were  established  for  the 
mobility  system.  These  additional  requirements  included  a 
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TABLE  6.  60  Hz  POWER  SUPPLY  CHARACTERISTICS 
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*Relatlve  costs  are  rated  from  lowest,  1,  to  highest 
Conditioner  cost,  where  required,  is  included. 


Figure  4.  60  Hz  system  description 


capability  for  towing  on  improved  roads  at  speeds  up  to  25  mph 
and  the  capability  for  rough-terrain  towing  by  the  M-151 
1/4-ton  truck. 

All  concepts  were  configured  to  meet  the  required  ground 
mobility  criteria:  to  be  transportable  as  an  internal  load  in 
either  of  the  two  UTTAS  candidates,  and  to  make  maximum  use  of 
standard  available  components.  For  example,  each  of  the  con- 
cepts used  the  same  type  of  tires,  wheels,  brakes,  and  steering 
system.  The  wheelbase  length,  trend,  width,  and  height  were 
comparable  for  all  of  the  designs. 

The  advantage  of  being  able  to  accommodate  the  GPU  as  an 
internal  load  in  the  UTTAS  cabin  related  to  the  strategic 
deployment  of  the  helicopter  by  such  aircraft  as  the  C-141 
Starlifter  and  C-5A  Galaxy  (Figure  5) . 

While  a full  complement  of  UTTAS  vehicles  utilized  the 
inter-theater  transport  aircraft  internal  volume,  additional 
payload  capacity  existed  in  terms  of  weight-carrying  ability 
that  make  accommodation  of  the  GPU  as  an  internal  helicopter 
load  of  particular  value  in  terms  of  maximum  employment  of 
available  air  lift  capacity. 

2. 4. 4.1  Concept  A GPU 

Concept  A was  a conventional  four-wheel  layout  with 
Ackermann-type  steering  on  the  leading  axle,  employed  rigid 
axles,  high-flotation  tires,  and  rear  wheel  braking.  Both 
the  leading  and  rear  axles  were  attached  to  the  chassis  by 
pillow  blocks  that  were  fastened  to  the  integral  chassis/fuel 
tank.  Weight  of  the  Concept  A mobility  element  was  292  lb. 

2.4.4. 2 Concept  B GPU 

The  Concept  B mobility  element  was  identical  to  the 
Concept  A layout  with  the  addition  of  an  air  spring  suspension 
system.  Lightweight  air  springs  with  inflation  valves  were 
operated  at  15  to  20  psi  for  the  calculated  gross  GPU  weight. 

Of  standard  design,  the  springs  could  be  deflated  to  reduce 
overall  GPU  height. 

Radius  rods  were  used  with  the  springs  to  limit  lateral 
and  longitudinal  movement.  The  air  suspension  system  resulted 
in  a 60.8-lb  weight  increase  over  the  Concept  A GPU.  Wheel 
base  was  also  increased  to  accommodate  the  unit  springs.  Total 
weight  for  the  Concept  B mobility  element  was  353  lb.  I 
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Figure  5.  GPU  as  UTTAS  internal  cargo. 


2. 4. 4. 3 Concept  C GPU 

Concept  C was  a self-propelled  version  of  Concept  A and 
employed  an  air  motor  to  drive  a single  rear  wheel.  Power 
for  the  air  motor  was  obtained  by  bleeding  air  from  the  GPU 
turbine.  Speed  reducer  gearing  and  an  over-center  clutch 
arrangement  permitted  the  operator  to  "walk”  the  GPU  at  up 
to  3 mph  in  either  direction.  A novel  handlebar- type  control 
unit  was  configured  for  mounting  as  a rectractable  extension 
of  the  conventional  tow  bar.  This  arrangement  permitted  tow 
bar  employment  in  a conventional  manner  as  well  as  serving  as 
the  medium  for  operator  control  in  the  self-propelled  mode. 

Weight  of  the  advanced,  self-propelled  GPU  drive,  con- 
trols, and  mobility  element  was  estimated  at  395  lb,  an  increase 
of  103  lb  over  Concept  A. 

2. 4. 4. 4 Concept  D GPU 

The  skid-mounted  GPU  module  was  configured  with  standard- 
width  forklift  guides.  The  MIL  STD,  rough  terrain  forklift 
would  be  employed  for  local  transport.  A variation  of  this 
scheme  would  consider  mounting  the  GPU  skid  base  to  the  MlOl 
trailer. 

2.4.5  Enclosure 

The  contract  SOW  required  that  lightweight,  high-strength 
enclosure  materials  be  considered  in  the  enclosure  system. 

These  materials  included  aluminum,  titanium,  and  composites. 
AiResearch  had  recently  completed  an  evaluation  of  composite 
structures  for  an  Army  30-KW  gas-turbine-engine-driven  gene- 
rator set  conducted  under  the  auspices  of  MERADCOM.  Results 
of  this  evaluation  indicated  that  no  significant  benefit  could 
be  gained  by  the  use  of  composite  materials  over  a more 
conventional  construction  of  bolted,  riveted,  or  welded 
aluminum.  Exotic  materials,  such  as  titanium  or  other  high- 
strength  alloys,  did  not  lend  themselves  readily  to  fabrication 
of  a piece  of  ground  support  equipment,  since  a minimum  material 
thickness  was  generally  required  due  to  usage  or  manufacturing 
limitations.  That  minimum  material  thickness  negated  any 
advantage  gained  through  the  extreme  high  strength/weight 
ratio  of  the  material  under  consideration. 

2. 4. 5.1  Composite  Structures 

Continued  evaluation  in  the  area  of  composites  indicated 
that  conclusions  drawn  from  the  initial  30-KW  generator  set 
evaluation  might  have  been  in  error  due  to  vendor  selection. 

For  this  reason,  a concerted  effort  was  made  to  find  vendors 
qualified  to  produce  aerospace  hardware.  Ultimately,  two 
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qualified  vendors  were  found,  although  others  are  likely 
available.  The  two  vendors  represented  different  types  of 
fabrication  procedures.  One  used  wet  layup,  molding  the  com- 
plete structure,  controlling  material  thickness  and  resin 
content  by  tooling  and  raw  material  qualities.  This  system 
exploited  the  inherent  design  characteristics  of  composite 
structures.  The  second  vendor  fabricated  structural  shapes, 
i.e.,  sheet,  tube,  angle,  channel,  and  beam.  The  structure 
developed  by  joining  these  standard  components  more  nearly 
approximates  conventional  construction.  Its  advantage  was 
developed  through  use  of  extremely  lightweight  fabricated 
composite  materials.  Assembly  of  this  type  of  structure  is 
probably  more  costly,  due  to  requirements  for  joints  and 
fastenings,  similar  to  that  of  conventional  riveted  aluminum, 
for  example.  "However,  it  avoided  the  necessity  for  expensive 
sophisticated  molding  tooling.  A weight  analysis  of  a typical 
structure,  comparing  composite  and  conventional  aluminum  con- 
struction, indicated  an  approximate  40-percent  possible  savings 
through  use  of  composite  structures. 

2. 4. 5. 2 Conventional  Construction 

Conventional  construction  considered  the  use  of  6061-T6 
aluminum  material  in  appropriate  sizes  and  shapes  to  fulfill 
requirements  of  the  particular  area  of  application  on  the 
enclosure.  Due  to  the  requirement  for  structural  integrity, 
the  tank  base  would  be  made  of  1/8-in.  sheet,  the  enclosure 
walls  1/16-in.  sheet,  and  the  top  1/8-in.  sheet.  Angles,  chan- 
nels, and  beams  of  the  appropriate  sizes  and  stiffness  would 
be  employed  in  the  tank  base  both  as  structural  members  for 
engine  mount  and  running  gear  attachment  and  as  baffles  to 
inhibit  motion  of  the  fuel. 

2. 5 Start  System 

The  contract  SOW  required  that  alternative  starting  means 
be  evaluated  for  the  GPU  power  plant.  Since  only  limited  power 
plant  data  was  availnble  from  other  manufacturers,  the  evalua- 
tion was  based  on  AiKesearch  gas  turbine  starting  systems. 

Results  of  this  analysis  still  produced  a valid  comparison, 
since  application  of  a specific  starting  system  to  any  manu- 
facturer's gas  turbine  or  diesel  engine  represented  approxi- 
mately the  same  relative  cost  in  dollars,  weight  and  volume. 

No  power  plant  offered  a specific  advantage  to  a particular 
starting  system  type.  Start  system  characteristics  are  shown 
in  Table  7. 

'( 


Type  System 


Starter 


Air  Assist 


Electrical 


Item 

P/N  3 

Size  (in.  ) 
Weight  (lb) 
Approx,  cost  ($) 
MTBF 


Electrical  starter 
519892  (A/R) 

4 dia  X 7.25  (91) 
8.0 
900 

10,000 


Air  pump  (on  starter) 
3884075  (A/R) 

3 dia  X 2 (14) 

1.  0 

400 

25,000 

supercharge 


Pneumatic 


Item 

P/N  3 

Size  (in.  ) 

Weight  (lb) 
Approx,  cost  ($) 
MTBF 

Misc.  description 


Vane  system 
PASS* 

4 dia  X 6 (75) 

3.3 

600 

20,000 

N = 0-12,000  rpm 
Op.  press.  = 200  psi 
Torque  = 100  in. -lb 


♦Pneumatic  Actuated  Start  System 


Differential  press,  regulator 
PASS* 


0.3 

Incl.  in  manifold  assembly 
Incl.  in  manifold  assembly 
Regulated  air  from 
accumulator 


Item 

Hydraulic  start  motor 

Clutch  driven 

Elec,  driven 

P/N 

3 

4100139  (Aero-hydr) 

3884075  + 
adapter 

3884062 

Size  (in.  ) 

5.5  X 2.7  X 2.7  (40) 

3 dia  X 4 (28) 

4.5  dia  x 13 
(208) 

Weight  (lb) 

3.5 

3.0 

8.5 

1800 

700 

78 

10,000 

25,000 

40,000 

N = 0-14,000  rpm 

Electro- 

Alternate 

Op.  Press.  = 3000- 
3700 
psig 

Disp.  =0.3  in.^/rev. 

magnetic 

clutch 

air  pump 

Battery 
MS2449i 
11  X 1( 
80 
600 

Expend; 


Accumu 
PASS* 
4.25  d: 
14.3  (( 
3800 
25,000 
Capaci 
stari 
air  ; 
valv( 


Accumu : 
2710991 

2 X 56: 

2 X 25 
3000-4 
50,000 
Capaci 
2 at 
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TABLE  7.  APU  STARTING  CHA; 


Power  Source 


Start  Initiating  Device 


Recharge  Backup 


ter) 


Battery  34  amp-hr 

Relay 

Slave  receptacle 

B 

MS24498-1 

MS24184-D1 

7321299  (ord) 

11  X 10  X 11  (1210) 

3.7  X 3.7  X 3.5  (48) 

3x5x4 

V 

80 

2.4 

1.  2 

600 

175 

14 

Expendable  - life  limited 

50,000 

200,000 

24-V  switch  actuated  (common) 

300  amp  cont. 

600  amp  1 min. 

1800  amp  inrush 

Batt.  charge  backup  is 
common  for  all  systems 
Manual  backup-replace 
batteries 

B 

!S.  regulator 


1 assembly 
1 assembly 
)m 


Accumulator  with  manifold 
PASS* 

4.25  dia  x 39  (ea)  2 reqd  (964) 

14.3  (ea)  2 at  28.6 

3800 

25,000  3 

Capacity  - 285  in.  ea  includes 
start  solenoid,  regulator, 
air  assist  supply,  check 
valve,  etc. 


Start  valve 

Bleed  shutoff  valve 

Recharge  compr.  w/ crank 
PASS* 

B 

K, 

Manifold 

(25) 

12  X 18  X 12  (1152) 

1 

2.5 

25.0 

1 

80 

1500 

3 

N/A 

50,000 

25,000 

E 

APU  bleed  - driven  B 

Bleed  = 4.5  Ib/min 

1.2  min  to  recharge 

7.0  min  - manual 

0.75  Ib/min  char., rate 


Lee.  driven  Accumulator 

)84062  2710996  (Parker-Hannefin) 


Start  solenoid  valve 
Various 


Hand  pump  B 

Enerpac  P-18 


, 5 dia  X 13 
(208) 

.5 

i 

),000 
Lternate 
air  pump 


2 X 565  = (1130) 

2 X 25.5  = 50.4 
3000-4000  - Use  3500 
50,000 

Capacity  300  in."^  ea 
2 at  600  in. 3 


25 

8 

150  50 

50,000 

24  V switch  actuated  (common) 
for  all  systems) 


5 X 5 X 13  (325)  1 

9.0  1 

50  3 

300.000  1 

Hydraulic  pump  recharge  B 


E 7.  APU  STARTING  CHARACTERISTICS 


charge  Backup 

DC  Supply 

Power  Transmission 

Miscellaneous 

receptacle 

99  (ord) 

X 4 

Battery 

N/A 

(main  power  source) 

DC  cables  with  conn. 

Est.  length  17  ft  (204) 

Est.  weight  11 

Est.  cost  60 

Batt. 

Est. 

Est. 

Est. 

box,  clamps,  etc. 

volume  addition  200 
volume  addition  5 
cost  80 

00 

charge  backup  is  Batt.  charge  power  pack  is 
lor.  for  all  :,ystems  part  of  frequency 

il  backup-replace  converter 

;eries 


irge  compr,  w/crank  Battery  — 6 A H Pneumatic  tube  w/fittings  Batt*  Box^  valves  brackets*  etc. 

' MA  500  H 

18  X 12  (1152)  12  X 5 X 5 (300)  Est.  length  9 ft  (120)  Est.  volume  adidtion  25 

15  Est.  weight  6 

300  Est.  cost  35 

)0  Expendable  - life  limited 

100,000 

5leed  - driven  Batt.  charge  power  pack 

1 = 4.5  Ib/min  is  part  of  frequency 

ain  to  recharge  converter 

nin  - manual 
Ib/min  char,  rate 


pump  Battery  - 6 A H 

aac  P-18  MA  500  H 

5 X 13  (325)  12  X 5 X 5 (300) 

15 

300 

000  Expendable  - life  limited 

aulic  pump  recharge  Batt.  charge  power  pack 

is  part  of  frequency 
converter 


Hydraulic  tube  w/fittings  Acc.  air  side  fittings, 

valves,  brackets,  etc. 

Est.  length  20  ft  (240)  Est.  volume  addition  700** 

Est.  length  10  Est.  weight  15** 

Est.  cost  140  Est.  cost  300** 


50,000 


1 

**lncrease  reservoir  by  600  in. 
for  non-self  displacing 
accumulator 


/ 


5 


Miscellaneous 

Summary 

t.  box,  clamps,  etc. 

. . volume  addition 
. volume  addition 
. . cost 

200 

5 

80 

Size 

Weight 

Cost 

MTBF 

1827  in.^ 

109 

2229 

5714 

1 

Remarks 


System  required  low  temperature  start  aid. 

Options : Battery  heater  and  thermal 

blanket  - add  2 to  5 lbs 
and  $100  - $250 


External  heater  - $100  - $500 


;t.  Box,  valves  brackets,  etc. 

:.  volume  adidtion  25  Size  2661 

Weight  82.7 

Cost  6365 

MTBF  6250 


1.  *PASS  components  are  in  development, 

costs  are  estimates  only. 

2.  This  system  offers  best  low  temperature 
start  capability. 


?.  air  side  fittings, 
ralves,  brackets,  etc. 

Alt. 

;.  volume  addition  700** 

Size 

2778 

2968 

:.  weight  15** 

Weight 

114 

119 

cost  300** 

3 

Cost 

MTBF 

6940 

4919 

6318 

Increase  reservoir  by  600  in. 
Tor  non-self  displacing 
iccumulator 


1.  System  does  not  include  approximatly 

15  lbs  of  additional  hydraulic  fluid  and 
its  cost. 

2.  Air  side  of  accumulator  is  not  sealed. 

A standby  high  pressure  pump  is  required. 

3.  A self-displacing  reservoir  could  reduce 
the  volume  by  600  in.^  but  cost  is  estimated 
to  rise  by  $200  to  $500. 
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2.5.1  Electric  Starting  System 

The  electric  starting  system  consisted  of  a 28-vdc,  high- 
torque,  high-speed  starter  motor;  a storage  battery;  and 
appropriate  cables,  relays,  and  attachments  to  properly  install 
this  starting  system.  The  combination  of  storage  battery  and 
starting  motor  was  selected  so  that  a minimum  of  two  successive 
starts  could  be  made  without  restriction  for  cooling  and/or 
delay  between  starts.  The  system  was  configured  such  that 
unrestricted  operation  at  temperatures  down  to  -25 “F  would  be 
possible.  At  temperatures  below  -25'’F,  some  auxiliary 
starting  aid  would  be  required,  such  as  battery  heating, 
external  power,  or  a battery  shorting  device. 

2.5.2  Hydraulic 

Since  the  applicable  aircraft  APU  start  systems  were  all 
hydraulic,  hydraulic  starting  of  the  GPU  appeared  to  be  a 
natural  fallout.  The  hydraulic  GPU  starting  system  included 
the  hydraulic  start  motor;  two  hydraulic  start  accumulators, 
since  a two-shot  capability  without  recharge  was  required;  a 
hydraulic  start  initiator  valve;  and  use  of  the  hydraulic 
storage  reservoir,  systems,  lines,  and  valves  already  in  the 
GPU. 

2.5.3  Pneumatic 


AiResearch  had  developed  a new  and  unique  starting  system 
for  small  gas  turbines  that  utilized  a small  vane-type  air 
motor.  In  function,  a pneumatic  start  system  was  very  similar 
to  the  hydraulic  start  system,  having  a start  motor,  pneumatic 
reservoir,  starter  valve,  and  recharge  pump.  The  Pneumatic 
Actuated  Start  System  (PASS)  had  been  proposed  for  several 
applications  and  offered  a significant  weight  advantage  over 
either  electric  or  hydraulic  starting. 

2.6  Design  Layout 

Although  the  original  proposal  for  the  GPU  program  did 
not  anticipate  a design  layout  until  late  in  the  concept  selec- 
tion phase,  it  became  apparent  as  the  component,  subsystem,  and 
system  concept  formulation  data  was  accumulated  that  a layout 
showing  the  approximate  size,  weight,  and  general  arrangement 
of  the  components  in  the  system  would  be  advantageous.  A 
number  of  arbitrary  selections  were  required,  since  none  of 
the  system  components  ultimately  selected  had  been  chosen  at 
the  time  this  layout  was  prepared. 
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Initial  layout  components  consisted  of  the  AiResearch 
Model  GTCP36-50  gas  turbine  engine;  Bendix  20-KVA,  12,000  rpm, 
400-Hz  alternator;  Aero  Hydraulics  15  gpm,  3000-psi,  hydraulic 
pump,  hydraulic  start  system  consisting  of  the  Aero  Hydraulics 
starter,  one  215  cu  in.  hydraulic  accumulator,  as  used  on  the 
F-15  system;  and  the  hydraulic  system  reservoir.  Service  con- 
ductors consisted  of  a 30-ft,  3-1/2-in.  flexible  air  duct, 
two  30-ft  hydraulic  hoses  of  3/4-in.  and  1-in.  diameter,  and  a 
30-ft  ac  electrical  cable.  Wheels  were  shown  in  the  original 
layout  sketches;  however,  no  running  gear  was  defined.  One 
of  the  purposes  of  the  layout  was  to  provide  a basis  for  the 
subcontract  with  Vehicle  Systems  Development  Corporation. 

Once  hardware  selections  were  made  for  the  layout  drawings,  a 
preliminary  weight  estimate  was  prepared.  Because  only  the 
major  components  had  been  considered  in  the  preliminary  design 
layout,  a certain  adjustment  factor  was  considered  in  the 
weight  estimate  to  accommodate  those  parts  potentially  forgot- 
ten. This  preliminary  weight  estimate  is  shown  in  Table  8. 

A second  layout.  Figures  6 and  7,  was  prepared  subsequent 
to  the  visits  to  the  airframe  manufacturers  and  before  initi- 
ating concept  selection  activities.  The  primary  purpose  of 
this  second  layout  was  to  establish  a baseline  system  to  trade 
off  the  various  system  components.  The  layout  incorporated 
more  GPU  detail  hardware  based  on  airframe  manufacturer's  in- 
puts, a better  understanding  of  GPU  system  requirements,  and 
concept  formulation  activities.  In  addition,  it  provided  in- 
creased consideration  to  installation  detail,  human  factors, 
and  mobility.  The  new  layout  contained  all  hardware  and  prime 
mover  installation  revisions  to  allow  component,  subsystem, 
and  system  trade-offs.  These  tradeoffs  were  to  be  made  on  the 
basis  of  differences  from  the  standard  shown  in  Figure  6. 

The  baseline  unit  shown  had  the  following  features: 

o AiResearch  Model  GTCP36-50  gas  turbine  engine 

Single  combustor 
Two-pad  gearbox 
Hydraulic  starting 

o Bendix  Part  No.  28B262  - 30/32  alternator 
(Used  on  prototype  AAH) 

12,000  rpm 
Air  cooled 
400  Hz 
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TABLE  8.  GPU  ESTIMATED  WEIGHT 


Item 

Weight  (lb) 

Exhaust  box 

45 

Air  cleaner 

12 

Fuel  system 

7-1/2 

Generator 

25 

Hydraulic  pump 

10 

Battery 

34 

Tank,  enclosure,  frame 

200 

Mobility  equipment  (wheels,  springs, 
steering) 

300 

Electric  service  cable 

35 

Air  hose 

20 

Hydraulic  service  hoses 

35 

Accumulator 

9-1/2 

Hydraulic  filters 

10 

Engine 

120 

Control  box 

45 

Contactor 

7 

CT 

7 

Battery  charger 

3-1/2 

Wiring 

7-1/2 

Miscellaneous 

20 

Total  (Dry  Weight) 

953 
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Item 

Weight  (lbs) 

Fuel 

300 

Hydraulic  fluid 

12 

Lube  oil 

5 

Total  Fluids 

317 

Total  Weight  (wet) 

1270 

Assumes : 


Accumulator 

Filters 

Lines 


Hydraulic  fluid 

Hydraulic  Start  Motor 
and  Initiator  Valve 


215  in-^ 

140 

100 

455  in.^  @ 7 
Ib/gal 
12  lb 

electric  starter 
(included  in  engine) 

Length  50  in. 

Width  35  in. 

Height  35  in.  (to 
bottom  of  frame) 


Frame  is  4 x 2 channel  6061-T-6  0.15  wall 
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OUTPUT  PANEL 
115-125V  60  H2 
12 0/2 08V  400  H2  3 


PHASE  20KVA 


-12  PRESSURE  QAD 
-16  RETURN  QAD 
3000  PSl  @ 15  GPM 
32.5  PSIG  @ 34  LBS/MIN 
STD.  DAY  SEA  LEVEL 
MS33740  QAD 


APU  INLET 
AIR  FILTER 


Base] 


o AeroHydraulics  Part  No.  4110025  Hydraulic  Pump 
15  gpm 

Variable  displacement 
3000  psi 

The  unit  included  two  300-in.^  accumulators  as  provided 
by  Parker-Hannifin  on  one  of  the  applicable  prototype  heli- 
copter models,  an  AiResearch  designed  pressurized  reservoir, 
and  the  required  interconnecting  plumbing  for  system  operation. 

In  addition  to  the  Bendix  alternator,  the  electrical 
system  included  required  instrumentation  and  control  devices 
for  the  ac  system,  and  a 400  to  60  Hz  and  dc  power  converter 
to  provide  the  60  Hz  and  battery  charging  outputs. 

The  pneumatic  system  consisted  of  a simple  duct  attach- 
ment to  the  quick-attach-detach  (QAD)  fitting  with  a bleed  load 
control  switch  on  the  instrument  panel. 

The  gas  turbine  power  plant  was  installed  in  an  aluminum 
enclosure  mounted  to  an  aluminum  welded  skid  base/fuel  tank 
assembly.  The  fuel  tank  held  40  gallons,  enough  for  2 hours 
of  operation  at  full  load. 

Inlet  air  was  drawn  through  the  self-cleaning  inertial 
inlet  air  filter  at  the  rear  (opposite  the  control  panel) 
bottom  of  the  set.  The  self-cleaning  function  was  driven  by 
a small  bleed  air  ejector. 

Inlet  air  was  directed  along  the  bottom  of  the  set  to  the 
gas  turbine  inlet  plenum.  The  full  width  inlet  duct  also 
served  as  a heat  sink  for  electronic  devices,  such  as  the 
engine  logic  package  (ELP)  and  400  to  60  Hz  and  dc  power  con- 
verter. Inlet  ducting  provided  the  coolest  air  to  the  gas 
turbine  inlet,  isolation  from  set  contamination,  and  enhanced 
acoustic  damping.  Inlet  opening  placement  allowed  further 
removal  from  the  operators  station  for  acoustics,  and  near 
optimum  location  to  minimize  hot  turbine  exhaust  ingestion. 

Turbine  exhaust  was  directed  into  a transition  turn  in 
which  the  6-in. -diameter  round  jet  was  transformed  to  a 2-  x 
14-in.  rectangle  and  then  turned  90  degrees,  vertically  upward. 

This  rectangular  jet  exited  into  a 6-  x 18-in.  mixing  sec- 
tion, which  allowed  jet  momentum  exchange  in  an  acoustically 
treated  rectangular  chamber.  Turbine  inlet  and  exhaust  duct 
openings  were  screened  to  prevent  foreign  materials  ingestion 
both  during  operation  or  when  the  GPU  is  static. 
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Secondary  airflow  for  the  exhaust  gas  ejector  was  drawn 
through  two  oil  coolers,  one  for  engine  oil  and  one  for  the 
hydraulic  system.  Cooler  exhaust  was  then  directed  around 
the  engine  and  installed  components  to  maintain  compartment 
air  temperature  and  thus  maintain  component  temperature  at 
reasonable  levels. 

The  service  connector  panel  for  hoses  and  cables  was 
located  on  the  left  side  of  the  unit  away  from  the  control 
panel.  The  connector  panel  was  protected  by  a hinged  cover 
when  not  in  use. 

All  service  conductors  could  be  stowed  in  a closed  locker 
at  the  set  top,  when  not  in  use.  Service  conductors  were 
30  ft  long  and  consisted  of  one  3-1/2-in. -diameter  hose,  one 
4-conductor  electrical  cable,  and  two  hydraulic  hoses. 

The  unit  was  suspended  on  a solid  axle  mounted  on  wide 
base  wheels  with  13-in. -diameter  high  flotation  tires,  6.5-in. 
wide.  Steering  was  the  Ackerman  type.  Steerable  wheels  were 
at  the  set  aft  end  to  keep  the  towbar  from  the  control  panel 
area. 


A revised  weight  estimate  was  prepared  from  Figure  6. 
Excluding  mobility  equipment,  system  wet  weight  was  1112  pounds. 
The  weight  breakdown  is  shown  in  Table  9.  Mobility  equipment 
weight  was  estimated  at  292  to  395  pounds  depending  on  the 
final  configuration  selected.  The  unit  shown  in  Figure  6 is 
a rigid  axle  system  with  ’3-x  6.50-x  6-in.  tires  that  weigh 
292  lb.  Therefore,  total  baseline  system  weight,  as  analyzed, 
is  1404  lb  including  fluids.  The  approximate  center  of  grav- 
ity is  shown  in  Figu’.e  8. 

2. 7 Summary 

After  all  component  subsystems  and  systems  to  be  used  in 
the  subsequent  trade-offs  and  concept  selection  were  defined, 
various  combinations  were  arranged  that  could  be  used  to 
satisfy  total  GPU  system  requirements.  A summary  of  these 
combinations  and  arrangements  is  shown  in  the  power  generation 
system  matrix.  Table  10.  This  matrix  considered  only  elements 
of  the  power  generating  system.  It  was  not  necessary  to 
include  the  secondary  systems  of  enclosure  and  mobility  equip- 
ment since  the  choices  were  limited  to  only  two  selections  in 
each  area.  A review  of  the  power  generation  system  matrix 
allowed  a preliminary  screening  to  be  made  of  the  various  com- 
binations possible  for  the  overall  systems.  Preliminary 
screening  eliminated  those  combinations  that  were  obviously 
more  complex,  more  costly,  or  more  cumbersome  than  otherwise 
equivalent  combinations.  On  this  basis,  the  total  number  of 
trade-offs  that  might  have  been  required  was  limited. 
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Ficfure  8.  Center  of  gravity  location. 


TABLE  9.  GPU  WEIGHT  BREAKDOWN 


Item Weight 


Tank,  Enclosure,  Freime 

240 

Engine  with  LCV*  and 

Control , 

Hydraulic  Starter 

117 

20  KVA,  400-Hz  Generator 

28 

Hydraulic  Pump  - 15 

gpm,  3000  psi 

7 

Fuel  Boost  Pump 

6 

— 

Engine  Accessories 

Air  Pump  (Start  Fuel  Vaporizer)  12 

— 

ELP  (Engine  Logic  Package) 

6 

~24 

Pneumatic 

20 

Service  Conductors 

Hydraulic 

35 

Electric  Cables 

35 

To 

Exhaust  Box 

45 

Air  Cleaner 

12 

Battery 

6 amp-hr 

15 

Control  Box  w/Gages, 

Switches,  Malf.  Ind. , etc. 

30 

2 gal  Reservoir 

10 

— 

Filters 

10 

— 

Hydraulic  System 

Hand  Pump 

Start  Accumulator  (2) 

10 

19 

Misc.,  Start  Valve, 

20 

— 

Hand  Valve,  Lines,  Etc. 

~69 

Contactor 

7 

Current  Transformer 

1 

Battery  Charger 

5 

Electrical  System 

Frequency  Converter 

80 

Regulator 

4 

Misc.  Wiring,  Connectors, 

8 

etc. 

100 

Tailpipe 

5 

Weight  Empty 

787 

Fuel 

300 

Hydraulic  Fluid 

20 

Lube  Oil 

5 

Total,  Including  Fluids 

1112 

*LCV  = Load  Control  Valve 
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TABLE  10.  POWER  GENERATION  SYSTEM  MATRIX 
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Dropped  out  in  preliminary  acreening 


Trade-off  studies  resulting  from  the  power  generation 
system  matrix  evaluation  are  shown  in  Figure  1. 
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3,0  CONCEPT  SELECTION 


The  concept  selection  task  was  initiated  once  the  arrays 
of  components,  subsystems,  and  systems  were  established  in  the 
concept  formulation  phase,  and  after  the  preliminary  screening 
had  been  completed,  eliminating  obviously  unacceptable  ap- 
proaches to  solution  of  the  problem.  The  concept  selection 
task  goals  were  to:  develop  a completely  objective  trade-off 
evaluation  technique;  trade  off  the  various  components,  sub- 
systems, and  systems  previously  established;  and  select  an 
optimum  GPU  system  to  satisfy  the  problem  statement, 

3 . 1 Trade-Off  Technique 

The  first  step  in  the  concept  selection  task  was  to  devise 
an  objective  evaluation  technique.  As  a part  of  the  contract 
SOW,  the  Army  had  established  a series  of  evaluation  parameters 
which  were,  in  descending  order  of  importance;  weight,  volume, 
mobility,  cost,  reliability,  and  maintainability.  The  evalua- 
tion parameters  were  to  be  applied  to  component  options  previ- 
ously determined  to  be  able  to  meet  the  GPU  physical  and  per- 
formance requirements.  If  a simple  nximerical  rating  of  1 
through  6 was  established  and  attached  to  these  evaluation 
parameters,  then  weight  would  have  six  times  the  importance  of 
maintainability,  three  times  the  importance  of  reliability, 
and  only  twice  the  importance  of  cost.  It  was  felt  that  this 
provided  a distorted  representation  of  the  true  values  of 
these  various  parameters.  As  a result,  a system  of  weighting 
factors  was  sought  to  provide  a true  weighting  of  these  fea- 
tures. It  was  decided  that  the  total  evaluation  parameter 
range  should  span  values  from  1 to  2,  thus  limiting  the  im- 
portance of  any  one  parameter  to  twice  that  of  any  other 
parameter;  i.e.,  weight  would  be  assigned  a value  of  2 and 
maintainability  a value  of  1,  with  the  remainder  falling  in 
an  intermediate  position.  This  arrangement  and  concept  was 
discussed  with  USAAMRDL  for  concurrence.  Final  weighting 
factors  selected  were:  weight  - 2.0;  volume  - 1.8;  mobility  - 
1.7;  cost  - 1.5;  reliability  - 1.2;  and  maintainability  - 
1.0. 


After  the  factors  were  established,  the  next  step  involved 
developing  an  evaluation  technique  using  these  weighted  fac- 
tors and  evaluation  parameters,  and  comparing  different  systems 
parts  to  allow  the  objective  evaluation  desired.  A trade-off 
technique  was  developed  in  "The  Secondary  Power  Systems  Study 
for  Advanced  Rotary  Wing  Aircraft,"  conducted  at  AiResearch  in 
1972.  In  this  study,  one  system  was  established  as  a baseline 
and  all  variation  systems  were  compared  and  rated  better  or 
worse  than  the  baseline  on  a percentage  basis.  Percentile 
comparisons  were  factored  by  application  of  weighting  factors. 
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resulting  in  a total  evaluation  number.  By  comparing  evalua- 
tion numbers,  a component,  subsystem,  or  system  was  selected 
on  the  basis  of  the  lowest  total  number. 


In  testing  this  system  for  use  on  the  GPU,  it  was  found 
that  the  evaluation  could  be  slanted,  depending  on  the  base- 
line selected.  This  deficiency  was  not  obvious  with  compared 
systems  having  very  close  values.  However,  in  evaluating  com- 
ponents with  very  drastic  differences  in  characteristics, 
such  as  the  weight  and  volume  in  a gas  turbine  versus  a diesel 
engine,  the  gas  turbine  or  the  diesel  could  be  represented  as 
a better  selection  depending  upon  which  was  chosen  as  the  base- 
line. Once  this  deficiency  was  found,  it  became  obvious  that 
some  other  arrangement  must  be  chosen  to  provide  the  objec- 
tivity desired  in  the  selection  process.  It  was  ultimately 
determined  that  by  selecting  a baseline  value  rather  than  a 
baseline  system,  the  necessary  requirements  for  selection 
could  be  met.  Application  of  this  weighted  value  evaluation 
was  used  in  each  of  the  trade-offs  discussed  in  subsequent 
paragraphs . 

3.2  Detailed  Trade-Off  Analyses 

Once  all  data  required  to  describe  the  systems  was  com- 
piled, trade-off  analyses  were  started.  Initiating  these 
trade-offs  was  delayed  due  to  difficulty  in  obtaining  data  from 
one  airframe  source,  the  GPU  power  plant  vendors,  and  the  400- 
Hz  power  generation  system  vendors.  To  work  around  those  prob- 
lems, the  best-defined  components  were  evaluated  first,  with 
action  on  the  remaining  hardware  delayed  until  more  complete 
information  could  be  provided. 

3.2.1  Hydraulic  Pump 

A study  of  hydraulic  pumps  comparing  weight,  cost,  and 
reliability  was  undertaken  (Table  11) . Three  basic  hardware 
combinations  were  considered  in  this  study:  (1)  aircraft 
hardware  operated  at  design  speed;  (2)  aircraft  hardware  oper- 
ated at  derated  speed  to  increase  life;  and  (3)  commercial 
hardware  operated  at  design  speed.  Consideration  of  these 
arrangements  was  based  on  the  belief  that  typical  aircraft 
hydraulic  pump  installations  have  low  reliability  at  low 
weight  and  high  cost,  that  commercial  pumps  have  high  reli- 
ability at  high  weight  and  low  cost,  and  that  derated  aircraft 
pumps  provide  a compromise  solution  favoring  weight,  the  most 
important  evaluation  criterion. 

As  data  was  accumulated,  it  appeared  that  assumptions  on 
which  this  trade-off  was  based  were  not  correct;  i.e.;  air- 
craft pumps  applied  at  design  conditions  are  not  unreliable. 
Commercial  airline  data  for  Vickers  pumps  indicated  pumps 
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TABLE  11.  HYDRAULIC  PUMP  CHARACTERISTICS 
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Relative  costs  are  rated  from  lowest,  1,  to  highest 


were  operated  "on  condition"  with  demonstrated  MTBFs  in  excess 
of  10,000  hours  (Tables  12,  13,  and  14).  No  better  MTBF  could 
be  predicted  for  derated  aircraft  pumps.  Commercial  pumps,  by 
virtue  of  a 2-1/2  times  weight  increase,  were  quickly  elimi- 
nated, resulting  in  selection  of  an  aircraft  pump  for  the 
application. 

Table  15  presents  the  pump  trade-off  evaluation  and  final 
pump  selection. 

3.2.2  Start  System 

The  starting  system  trade-off  analysis  comparing  electric, 
hydraulic,  and  pneumatic  systems  is  described  in  Figures  9, 

10,  and  11.  Summary  data  showing  characteristics  considered 
in  this  analysis  is  provided  in  Table  16. 

Since  hydraulic  APU  start  systems  are  used  on  the  AAH 
and  UTTAS  aircraft,  it  was  expected  that  the  hydraulic  system 
would  be  best  for  the  GPU.  Therefore,  the  validity  of  the 
analysis  was  questioned  when  the  electric  system  proved  to 
have  the  better  score.  Further  review  showed  that  cost  and 
weight  of  one  of  the  two  accumulators  installed  on  the  air- 
craft is  not  included  in  the  aircraft  APU  start  system  because 
one  accumulator  is  required  for  other  aircraft  systems.  Cost 
and  weight  of  both  GPU  accumulators  are  included  in  the  GPU 
start  system. 

The  pneumatic  system  evaluated  was  the  AiResearch  Pneu- 
matic Actuated  Start  System  (PASS) . This  system  used  a small, 
vane-type  air  motor  driven  by  a mixed  air  bleed  system.  Mixed 
air  bleed  was  derived  from  a high  pressure  jet  C2000  psia) 
supplied  by  an  air  storage  bottle  combined  with  ambient  air 
in  an  ejector  to  provide  mixed  air  at  200  psig  to  drive  the 
air  motor.  The  system  used  an  air  amplifier  pump  to  replenish 
the  reservoir  between  start  attempts.  The  PASS  system  was  the 
lightest  of  the  three  systems  evaluated. 

The  electric  start  system  was  selected  because  it  had  the 
best  overall  score  as  shown  in  Table  16.  Cost  was  a primary 
driving  factor  in  selecting  the  electric  start  system. 

3.2.3  400  Hz  Electrical  System 

Preliminary  analysis  of  data  received  from  the  potential 
400-Hz  system  vendors  made  it  apparent  that  pareimeters  used  in 
the  trade-offs  would  have  to  be  enlarged  beyond  the  estab- 
lished factors  of  weight,  volume,  cost,  reliability,  and 
maintainability.  In  an  attempt  to  keep  engine  gearbox  changes 
to  a minimum,  a list  was  sent  to  the  vendors  indicating 
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TABLE  13.  L-1011  HYDRAULIC  PUMP  RELIABILITY  SUMMARY  FOR  1976 
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TABLE  15.  HYDRAULIC  PUMP  TRADE-OFF 
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3 


ENGINE 


1.  HYDRAULIC  STARTER  5,  MANUAL  HYDRAULIC  PUMP 

2.  G/b  driven,  elec. -clutched  air  pump  6.  BATTERY  - 6 AMP. -HR. 

3.  HYDRAULIC  ACCUMULATOR  7.  HYDRAULIC  TUBING 

4.  START  VALVE 


Figure  11.  Hydraulic  start  system. 
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TABLE  16.  STARTING  SYSTEM  TRADE' 
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(3)Bydraullc  and  PASS  both  uaa  dual  accunulatort  for  2-ahot  capability. 


preferences  for  speed,  mounting-flange  diameter,  pad  configura- 
tion, direction  of  rotation,  overhung  moment  shaft  damping, 
shear  section,  and  maximum  body  diameter.  This  resulted  in  a 
trade-off  parameter  identified  as  "gearbox  impact."  Other 
parameters  included  system  efficiency,  cooling  requirements, 
commonality,  protective  functions,  need  for  auxiliary  devices, 
lubrication  needs,  and  amount  of  logic  provided  with  the  GCU. 
Trade-off  results  are  summarized  in  Table  17. 

The  system  selected  was  a Bendix  model  28B262,  three 
variations  of  which  were  available.  One  model  was  used  on  a 
UTTAS  application,  and  the  other  two  on  the  Hughes  and  Bell 
AAH  aircraft.  The  Hughes  version  C-30)  was  chosen  because  it 
provided  a large  production  base,  was  common  to  one  of  the 
selected  aircraft,  and  its  direction  of  rotation  was  compatible 
with  the  GPU  power  plant  ultimately  selected. 

Subsequent  to  AAH  contract  award,  the  aircraft  load  pro- 
file grew  until  the  20-KVA  alternator  selected  for  the  air- 
craft, and  therefore  the  GPU,  would  no  longer  meet  the  33- 
percent  growth  requirement.  This  required  a size  increase  in 
the  AAH  generator  to  30  KVA  (or  possibly  even  45  KVA) . As  a 
result,  the  UTTAS  version  of  the  generator  (-27)  was  selected. 
Because  the  UTTAS  generator  rotation  direction  was  opposite 
to  that  of  the  AAH  generator,  it  became  necessary  to  determine 
whether  the  generator  rotation  should  be  changed  to  be  com- 
patible with  the  gearbox  pad  rotation  or  vice  versa.  The 
latter  approach  was  selected  since  the  gearbox  was  already 
designed  to  accommodate  either  direction  of  rotation  with  the 
simple  addition  (or  removal)  of  an  idler  gear.  The  decision 
preserved  use  of  identical  (with  the  aircraft)  part  numbers 
for  the  generator,  GCU,  and  current  transformer.  The  actual 
rating  of  the  selected  generator  is  20/30  KVA,  which  will  per- 
mit up  to  30-KVA  output  at  sea  level,  with  a normal  overload 
capacity  (150  percent  for  5 minutes  and  200  percent  for  5 
seconds) . 

The  type  of  circuit  protection  used  was  not  specified  in 
the  AiResearch  work  statement.  Vendors  were  requested  to 
stipulate  the  same  type  of  protection,  set  points,  time  delays, 
and  interlocks  used  on  the  aircraft.  This  ensured  use  of  a 
system  common  to  the  aircraft  and  the  same  protection  level  to 
which  the  aircraft  equipment  was  designed.  In  analyzing  the 
level  of  protection,  all  functions  were  retained  and  used 
except  for  feeder  fault.  Feeder  fault  protection  is  normally 
included  in  aircraft  generating  systems  since  the  generator 
could  be  located  a considerable  distance  from  the  main  contact- 
or, resulting  in  relatively  long  runs  of  unprotected  high  volt- 
age transmission  lines.  The  GPU  has  very  short  lines  from  the 
alternator  to  the  contactor  (less  than  5 feet) , which  are  all 


76 


TABLE  17.  20  KVA  ELECTRICAL  GENERATING  SYSTEM 


weighting  factor  of  1,5 


visible  with  the  access  doors  open,  and  are  housed  in  a non- 
conductive  enclosure.  Therefore,  feeder  fault  protection  was 
felt  to  be  superfluous  in  this  application,  and  was  deleted. 
The  feeder  fault  function  was  retained  in  the  GCU,  but  not 
used.  This  permitted  elimination  of  one  three-phase  current 
transformer  assembly. 

The  original  concept  included  a capability  to  adjust 
operating  voltage  by  a rheostat  on  the  control  panel.  Voltage 
adjustment  is  normally  not  included  in  aircraft  electrical 
systems,  but  is  included  in  ground  generator  sets,  to  allow 
compensation  for  line  losses  for  various  power  distribution 
systems.  The  line  length  and  size  provided  on  the  GPU  C30  ft 
of  No.  4 conductor)  are  such  that  voltage  drop  is  less  than 
1 volt  and  line  length  would  not  vary.  Further,  using  the 
same  GCU  used  on  the  AAH  and  UTTAS  aircraft  precluded  avail- 
ability of  the  voltage  adjust  feature  for  panel  mounting.  For 
these  reasons,  the  voltage  adjust  feature  was  deleted. 

As  an  element  of  concept  selection,  primarily  for 
logistics  purposes,  parts  lists  of  the  various  Army  aircraft 
were  evaluated  for  items  that  could  be  used  on  the  GPU.  Sev- 
eral components  were  identified,  including  contactors,  relays, 
circuit  breakers,  instruments,  terminal  boards,  switches, 
lights,  and  receptacles.  Where  practical,  the  GPU  system 
specified  use  of  these  items.  These  items  were  selected  di- 
rectly without  trade-off  since  it  was  determined  that  no  sig- 
nificant cost  or  weight  benefit  would  result. 

3.2.4  Battery  Charge  System 

An  electric  start  system  was  selected  for  the  GPU  power 
plant  C3.2.2),  which  dictated  the  need  for  a 34-amp/hr  nickel 
cadmium  battery  or  its  equivalent.  The  battery  would  provide 
starting  current  for  the  engine  as  well  as  for  GPU  control 
power  needs . 

The  battery  could  be  charged  either  by  a dc  generator  or 
a static  power  supply.  The  generator  would  require  an  addi- 
tional drive  pad  that  was  not  available  on  the  GPU.  A dc 
starter-generator  was  also  considered,  which  would  perform 
the  APU  starting  function  as  well  as  battery  charging.  The 
dc  starter-generator  would  replace  the  starter  motor.  However, 
this  would  require  a major  change  to  the  gearbox  to  accommo- 
date the  6000  to  12,000  rpm  starter-generator  rotation  speed. 
The  starter  pad  was  geared  for  a nominal  30,000  rpm.  Starter- 
generator  voltage  regulation  was  similar  to  a transformer- 
rectifier  (TR) , which  had  caused  battery  reliability  problems. 
Another  negative  factor  was  that  the  starter-generator  was  a 
brush  type  machine  requiring  periocI..c  maintenance  for  the 
brushes. 
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static  power  supplies  considered  were  a conventional, 
unregulated  TR  type  and  a unit  specifically  designed  for 
nickel  cadmium  battery  charging.  The  TR  units  considered 
were  identical  to  those  used  on  Army  aircraft  to  supply  the 
aircraft  dc  bus.  On  aircraft,  the  batteries  were  floated 
across  the  bus  to  maintain  a suitable  charge.  However,  this 
method  of  charging  was  determined  to  be  unsatisfactory.  Air- 
craft maintenance  practice  specified  that  the  batteries  were 
to  be  removed  after  100  hours  of  operation  for  recharging  due 
to  aircraft  charging  system  deficiencies.  A problem  state- 
ment was  prepared  and  sent  to  conventional  TR  manufacturers 
and  battery-charger  suppliers  defining  input  power  and  out- 
put characteristics. 

Battery  charger  and  transformer-rectifier  data  was 
received  and  analyzed  to  determine  candidate  systems  that 
would  satisfy  AAH  and  UTTAS  needs,  and  changes  required  to 
meet  other  helicopter  model  dc  needs.  A "maintenance-free" 
system  was  recommended,  which  improved  battery  performance 
considerably  over  present  methods  of  floating  nickel-cadmium 
batteries  on  the  28-vdc  bus.  Four  manufacturers,  including 
Utah  Research  and  Development  Corp. , General  Electric  Co., 
Gulton  Industries,  and  Christie  Electric  Co.,  submitted 
data  on  these  chargers.  Three  were  suitable  for  portable 
ground  cart  use  and  could  be  procured  to  accept  either  a 
4CC-HZ  input  or  an  input  from  the  dc  bus.  System  No.  1 
in  Figure  12  depicts  the  recommended  scheme  for  an  AAH  and 
UTTAS  GPU.  The  other  systems  are  alternates  which  would 
satisfy  the  need  for  external  dc  output  as  described  in 
Section  4. 

3.2.5  60-Hz  System 

In  reviewing  the  60-Hz  system  characteristics  (as  well 
as  other  portions  of  the  electrical  system) , it  became 
apparent  that  performance  characteristics  such  as  efficiency, 
comiaonality , wave  shape,  temperature  limits,  overload  capa- 
bility, regulation,  and  protective  circuitry  all  became  sig- 
nificant in  the  trade-off.  Weighting  factors  were  assigned 
to  each  of  these  parameters  and  were  added  to  the  previously 
established  factors.  Candidate  systems  are  described  in 
Figure  4. 

In  reviewing  the  AVUM  tool  list,  the  following  60-Hz 
power  devices  were  identified; 
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SYSTEM  NOS 


Federal  Stock  Number 


Device 


Detector  Kit 
Grinder 
Blow  Gun 
Heat  Gun 
Light  Kit  - 25W 
Light  Kit  - lOOW 
Soldering  Iron 
Blade  Tracker 
EGT  Temperature  Tester 

Of  these,  several  would  be  usable  on  the  400-Hz  system  if  a 
suitable  receptacle  were  provided.  In  addition,  several  other 
tools  such  as  electric  drills  would  probably  be  used  on  the 
60-Hz  supply  even  though  they  did  not  appear  on  the  tool  list. 

It  was  concluded  that  the  heat  gun  imposed  the  governing 
load  on  the  60-Hz  supply,  requiring  1400  watts  of  power  for 
the  heater  plus  power  for  a 1/4-hp  blower.  This  would  require 
a 2-  to  3-1/2-KVA  converter  to  supply  the  heat  gun  load  simul- 
taneously with  any  other  60-Hz  load.  Following  a coordination 
meeting,  it  was  determined  that  cost,  weight,  and  volume  pen- 
alties imposed  by  such  a converter  were  too  great.  Investiga- 
tion revealed  that  the  heat  gun  normally  was  used  in  the  vicin- 
ity of  a maintenance  shop  and  would  operate  satisfactorily  on 
rectified  400-Hz  power.  Eliminating  the  heat  gun  from  60-Hz 
load  requirements  reestablished  the  60-Hz  output  rating  at  750 
to  1000  VA,  which  satisfied  all  other  hand  tool  requirements. 

It  was  also  determined  that  a sine  wave  output  was 
desirable  (as  opposed  to  square  wave)  since  availability  of  a 
convenience  outlet  encouraged  use  of  test  instrumentation  in 
addition  to  hand  tools.  Test  instrumentation  often  incurs 
adverse  effects  when  powered  by  a square  wave  supply. 

Reviewing  temperature  limitations  on  converters/inverters, 
it  was  noted  that  all  proposed  models  could  withstand  -65®F 
storage,  but  only  one  model  could  operate  at  -65‘’F.  It  was 
recommended  that  the  operational  temperature  limit  be  raised 
to  approximately  0®F  with  a condition  imposed  that  the  unit 
shall  not  be  damaged  when  energized  at  -65°F.  This  require- 
ment satisfied  the  majority  of  the  instances  where  60-Hz  power 
was  needed.  At  temperatures  below  0°F,  the  converter/inverter 
would  warm  up  through  a combination  of  compartment  heating 
from  engine  operation  and  energizing  the  unit.  A warm-up  time 
would  be  established  and  noted  in  the  unit  operating  instruc- 
tions. 


6335-548-3991 

3415-517-7754 

4940-241-3075 

4940-785-1162 

6230-283-9671 

6230-283-9246 

3439-585-6057 

4920-156-9946 

4920-372-4593 
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Once  it  was  decided  to  limit  the  60-Hz  power  capability 
to  750  to  1000  VA,  further  vendor  data  was  collected.  These 
additional  responses  were  also  analyzed  in  an  effort  to  find  a 
converter  suitable  for  GPU  use.  When  60-Hz  power  supply  trade- 
offs were  completed,  a packaged  1-KVA  model  was  selected  as 
the  best  candidate.  It  was  20  percent  lighter  than  any  other 
contender  and  the  least  costly.  The  design  is  based  on  a 
laboratory  model  packaged  into  an  assembly  suitable  for  ground 
cart  needs.  Many  components  and  circuits  were  identical  to 
those  used  in  the  3.5-KVA  model  selected  for  one  of  the  UTTAS 
helicopter  models.  The  final  selection  summary  is  shown  in 
Table  18. 

3.2.6  Enclosure 

As  noted  in  Para.  2.4.5,  some  of  the  lightweight,  high- 
strength  materials  suggested  as  part  of  the  SOW  were  eliminated 
in  a preliminary  screening  process.  This  was  due  to  physical 
factors,  such  as  manufacturing  or  usage,  requiring  a minimum 
material  thickness.  Use  of  a minimum  material  thickness  would 
generate  a significantly  over-designed  piece  of  hardware 
negating  the  weight  advantage  of  high-strength  materials.  For 
this  reason,  concept  selection  task  activities  were  limited  to 
evaluating  and  selecting  either  a simple  fiberglass,  or  alumi- 
num structure.  During  the  Army's  30-KW  generator  set  program, 
fiberglass  was  eventually  dropped  as  an  enclosure  material 
since  it  offered  no  significant  advantage  over  aluminum. 
Fiberglass  did  offer  an  increased  risk  in  that  no  existing 
hardware  of  this  material  was  available  in  using  agency  sup- 
port inventory.  The  primary  concern  with  use  of  any  new  mate- 
rial not  presently  in  Army  inventory  was  one  of  maintenance 
support,  i.e.,  manpower,  equipment,  and  facilities  to  effect 
repairs  in  case  of  damage  to  the  equipment.  This  limitation 
is  not  present  in  the  aviation  unit,  since  a large  number  of 
individual  components  in  the  helicopters  to  be  serviced  would 
be  fiberglass.  In  the  search  for  advantages,  disadvantages, 
and  applications  for  fiberglass  structures,  a literature  sur- 
vey was  conducted.  Unfortunately,  most  available  literature 
dealt  with  high-strength,  lightweight  applications,  such  as 
aircraft  components,  which  truly  utilized  the  excellent  design 
capabilities  of  composite  fiberglass  structures.  Materials 
generally  included  simple  fiberglass,  Kevlar,  E-glass,  S-glass, 
graphite,  and  boron  fibers.  One  disadvantage  of  these  mate- 
rials was  the  extreme  high  cost.  Simple  fiberglass  structures 
such  as  those  eventually  proposed  for  use  in  the  GPU  enclosure 
cost  about  $2.25  a pound,  compared  to  some  of  the  exotic  glass 
materials  which  ran  as  high  as  $35  a pound. 

In  the  MERDC  30-KW  evaluation,  a major  disadvantage 
in  the  proposed  fiberglass  structure  was  the  difficulty  in 
controlling  material  thickness.  Thickness  variation  amounted 
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to  +0.030  in.  A 0.125-in.  wall  thickness  was  desired;  with 
the  tolerance  variation  added  to  the  desired  thickness,  a 
structural  wall  of  up  to  3/16  in.  thick  could  result.  The 
second  problem  involved  resin  content.  A wet-layup  structure 
had  very  high  resin  content.  Resin  was  the  largest  weight  con- 
stituent in  the  total  enclosure  system.  Deficiencies  associ- 
ated with  the  30-KW  design  were  overcome  through  selection  of 
a more  knowledgeable  vendor  accustomed  to  aerospace-type 
structure  design,  development,  and  fabrication.  The  wall 
thickness  problem  was  resolved  by  using  a two-piece  mold. 

This  forced  the  wall  thickness  to  fall  within  relatively 
narrow  tolerance  limits,  such  as  those  attainable  by  nesting 
two  mold  pieces  together.  By  using  preimpregnated  glass 
material,  the  resin  content  problem  could  also  be  overcome. 
However,  these  techniques  raised  the  cost  of  the  fabricated 
component.  The  increased  tooling  and  "pre-preg"  material 
cost  were  offset  by  the  savings  in  material  allowed  by  better 
tolerance  control  on  the  parts.  A second  composite  structure 
approach  was  evaluated,  which  considered  the  use  of  preformed 
materials  such  as  sheet,  tube,  angle,  channel,  and  rod,  assem- 
bled in  a fashion  similar  to  that  using  metallic  components  in 
the  same  shapes.  Joining  techniques  were  different;  adhesives 
were  used  instead  of  metallic  fasteners.  Components  of  this 
type  are  normally  used  in  aircraft  structures,  and  resin  con- 
tent and  weight  are  precisely  controlled.  This  technique 
could  probably  produce  a lighter  system  than  that  formed  by 
the  two-piece  mold  arrangement.  Tooling  costs  probably  would 
be  about  the  same,  but  assembly  costs  would  be  significantly 
higher  due  to  the  necessity  of  cutting,  fitting,  and  bonding 
individual  pieces. 

Since  the  structure  considered  in  the  advanced  GPU  was 
very  similar  to  that  proposed  for  the  MERADCOM  30-KW  gen- 
erator set,  size,  weight  and  cost  estimates  accumulated  for 
that  program  were  used  in  the  GPU  aluminum  enclosure  evalua- 
tion. The  trade-off  chart.  Figure  13,  shows  the  ultimate 
comparison  between  aluminum  and  the  wet-layup,  two-piece-mold 
fiberglass  system.  The  fiberglass  system  allowed  a weight  and 
reliability  advantage,  and  for  this  reason  was  selected  for 
use  in  the  GPU. 

3. 2. 6.1  Fiberglass  Enclosure 

Principal  features  of  the  GPU  fiberglass  structural  body 
are  illustrated  in  Figure  14.  The  structure  consists  of  three 
primary  subassemblies:  the  fuel  tank,  enclosure,  and  removable 
top  (Figure  14A,  B,  and  C,  respectively) . The  fuel  tank  and 
enclosure  will  be  permanently  joined  during  fabrication  of  the 
body.  The  top,  including  hose  and  cable  storage  bin,  are 
easily  removable  to  facilitate  power  unit  installation. 
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ALUMINUM  FIBERGLASS 


Figure  13.  Enclosure  materials 


3. 2. 6. 1.1  Fuel  Tank  Subassembly 

Fuel  tank  details  are  shown  in  Figure  15.  The  pan  making 
up  the  bottom,  sides,  and  ends  of  the  fuel  tank  will  be 
molded  in  one  piece.  Wheel  cutout  surface  edges  and  corners 
would  be  rounded  generously  to  improve  moldability  and  reduce 
stress  concentrations. 

Separately  molded  bulkheads  will  be  bonded  in  place  at 
three  locations  as  shown  in  Figure  15.  The  bulkheads  serve  as 
anti-slosh  baffles  as  well  as  structural  stiffeners,  and  have 
integrally  molded  flanges  along  the  upper  anti  lower  edges  and 
at  the  ends  wO  provide  bonding  surfaces.  The  bottom  center  of 
the  fuel  tank  is  lower  than  the  sides  to  facilitate  low  level 
fuel  pick-up  and  drainage. 

Suspension  attachment  locations  are  reinforced  with 
extruded  aluminum  box  sections.  Nominal  thickness  of  the  tank 
pan  molding  is  3/16  in. 

3. 2. 6. 1.2  Enclosure  Subassembly 

The  central  enclosure  subassembly  CFigure  16)  is  essen- 
tially an  open  topped  box  with  the  control  panel,  control 
panel  cover,  and  air  plenum  added. 

The  enclosure  bottom  surface  forms  the  top  surface  of 
the  fuel  tank  when  the  fuel  tank  subassembly  and  enclosure 
subassembly  are  mated.  The  bottom  surface  of  the  enclosure 
also  doubles  as  the  bottom  of  the  air  plenum. 

Edges  of  the  door  cutouts  and  the  entire  upper  periphery 
of  the  enclosure  are  stiffened.  Nominal  thickness  of  enclo- 
sure panels  is  1/8  in. 

3. 2. 6. 1.3  Removable  Top  Subassembly 

The  removable  top  (Figure  17)  is  molded  with  the  aft  end, 
bottom,  and  sides  of  the  hose  and  cable  storage  bin  integral. 

A bulkhead  forming  the  forward  end  of  the  storage  bin  is 
bonded  in  place  after  the  initial  molding  is  made.  The  top 
surface  forward  of  the  storage  bin  also  is  permanently  bonded 
to  the  initial  molding.  Storage  bin  covers  and  quick  dis- 
connect fasteners  complete  the  subassembly.  The  bottom  of  the 
subassembly  forward  of  the  storage  bin  is  open  except  for 
stiffening  around  the  periphery. 
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Figure  16,  Enclosure  details. 
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3. 2. 6. 1.4  Materials 

Primary  structural  elements  are  molded  of  glass  re- 
inforced epoxy  material.  Reinforcement  is  in  the  form  of 
woven  roving  for  strength  and  random  mat  for  interlaminar 
toughness.  Minimum  tensile  strength  will  be  25,000  psi  and 
specific  weight  0.065  pound  per  cubic  in. 

Aluminum  angle  stiffeners  around  the  upper  edge  of  the 
enclosure  and  box  section  reinforcements  at  the  suspension 
attachment  points  will  be  6061-T6  extrusions. 

3. 2. 6. 1.5  Weights 

Preliminary  weight  analysis  results  are  listed  below. 
Weights  were  based  on  nominal  panel  thicknesses  of  1/8  in. 
except  for  the  fuel  tank  subassembly  for  which  3/16  in.  was 
assumed: 

Fuel  tank 
Tank  baffles 
Enclosure 

Enclosure  stiffeners 
and  hardware 
Plenum 
Storage  bin 

Total 

3. 2. 6. 2 Aluminum  Enclosure 

The  aluminum  enclosure  would  be  fabricated  of  standard 
sheet  and  structural  forms  of  6061-T-6  aluminum.  The  skid 
base  and  tank  assembly  would  be  of  welded  construction. 

The  tank  would  include  internal  structural  members  for 
engine  mounting  frame  and  running  gear  support.  The  location 
and  shapes  of  these  members  could  also  allow  them  to  function 
as  baffles  to  prevent  sloshing  inside  the  tank.  The  enclot  ire 
would  consist  of  four  basic  elements:  control  panel/module 
assembly;  front  enclosure  half;  rear  enclosure  half;  and  ex- 
haust box.  These  elements  would  be  of  1/16-in.  sheet,  using 
self-framing  design  members  wherever  possible.  Elements  would 
be  attached  together  and  to  the  skid  base/tank  assembly  with 
1/4-20  hex-head  bolts  and  nuts.  The  control  panel/module 
would  be  a bolt-in  assembly  so  that  the  complete  assembly  or 
the  panel  alone  could  be  removed  for  servicing  control  compo- 
nents. The  front  enclosure  half  would  include  two  access 
doors  to  electrical  and  hydraulic  system  components,  and  would 
be  removable,  with  the  control  panel  module  installed,  without 
disassembly  of  the  complete  set.  The  rear  enclosure  half 


51  lb 
9 
54 

27 

15 

47 


203  lb 
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would  also  contain  two  access  doors  to  the  gas  turbine, 
controls,-  and  hydraulic  system  elements.  The  rear  enclosure 
half  would  have  the  same  maintainability  features  as  the  front 
enclosure  half.  The  exhaust  box  was  merely  a shroud  to  house 
the  stainless  steel  exhaust  muffler  ard  curved  transition  pipe 
from  the  gas  turbine.  The  service  cc  ctor  stowage  box  would 

be  a separate  removable  element  at  t'  itreme  top  of  the  en- 

closure. This  box  would  have  a wrapa  >und  door  arrangement 
so  that  the  complete  stowage  box  coulc  a exposed,  allowing 
easy  stowage  of  the  service  conductors.  All  access  panels  and 
layout  of  the  components  requiring  service  inside  the  enclo- 
sure would  be  designed  for  easy  maintainability.  Components 
requiring  regular  service  would  be  placed  near  access  openings. 
All  piping  and, wiring  inside  the  enclosure  will  be  attached  to 
the  GPU  power  generation  system,  so  elements  of  the  enclosure 
could  be  removed  without  requiring  disassembly  of  other  enclo- 
sure subsystems. 

Maintainability  features  would  be  applicable  either  to 
the  all-aluminum  or  fiberglass  enclosures. 

3.2.7  Mobility 

Mobility  requirements  specified  for  the  advanced  GPU 
were;  gradeability  on  a'  3-percent  slope  in  soil  with  a Cone 
Index  (Cl)  of  50,  and  gradeability  on  a 27-percent  slope  in 
soil  with  a Cl  of  125.  The  GPU  also  must  be  capable  of  a towed 
road  speed  of  25  mph.  The  16  x 6.50-8  Terra-Tire  was  selec- 
ted to  meet  these  requirements.  With  an  inflation  pressure 
of  20  psi,  the  Terra-Tire  could  accommodate  a single  tire  load 
of  350  pounds  at  speeds  up  to  30  mph.  Assuming  a gross 
vehicle  weight  (GVW)  of  1400  lb  C350  lb  x 4 tires) , reserve 
capacity  at  25  mph  would  be  provided  and  would  readily  satisfy 
the  improved  surface  requirement.  Mobility  analysis  of  the 
towed  version  advanced  GPU,  with  the  Terra-Tires  at  20  psi  and 
employing  the  Waterways  Experiment  Station  (WES)  towed  wheeled 
vehicle  equation,  indicated  a single-pass  Vehicle  Cone  Index 
(VCI^) , in  soil  with  a Cl  of  50,  of  35  to  39,  providing  ample 
mobility  reserve  (15  to  11  points)  in  the  lowest  strength 
soil  specified.  Towing  resistance  could  vary  from  a low  of 
196  lb  to  a high  of  490  lb,  well  within  the  capability  of  the 
1/4-ton  truck  which  has  a VCIi  of  19,  some  31  points  below  the 
soil  Cl  of  50  and  providing  ample  mobility  for  negotiating  the 
prescribed  slopes.  The  self-propelled  version  of  the  advanced 
GPU  would  have  a similar  VCI]^  range  and  overall  mobility  char- 
acteristics comparable  to  the  towed  vehicle.  The  drive  could 
be  easily  disengaged  to  permit  GPU  towing  at  the  prescribed 
road  speed. 
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Nominal  Unit  Ground  Pressure  (NUGP) 
concepts  described  in  Para.  2.4.4  were; 


v-.ies  for  the  three 


Concept  A (psi) 
Concept  B (psi) 
Concept  C (psi) 


11.4 
12.0 

12.4 


Values  were  based  on  the  following;  Concept  A,  gross  vehicle 
weight  (GVW)  = 1281  lb;  Concept  B,  GVW  = 1342  lb;  and  Concept 
C,  GVW  = 1384  lb. 


Running  gear  selectiors  for  the  GPU  were  as  follows; 


United 

Saginaw 

Front  axle 

OAl-2022 

15285-A 

Steering 

6LOT325 

6853-A 

Drawbar 

48-7016 

6954-3 

Rear  axle 

2522A  (Mod.) 

10963  (Mod.) 

Suspension 

1-1656  (Leaf  Springs) 

1460  (Leaf/Air) 

Hub  assembly 
front  axle 

7-625  (5/4.5  dia.  B.C.) 

6403-M 

Hub  assembly 
rear  axle 

9-625  (W/7  X 1.75  Drum) 

6403-M 

Brake  assembly 

3-8142  (w/Park) 

6437  Cw/Park) 

Brake  rigging 

7066R 

31110 

Wheels  (4) 

DICO  7521  (5/4.5  Dia 

B.C.) 

Same 

Tires  (4) 

Goodyear  (16  x 6.5-8) 

Same 

Vehicle  Systems'  initial  recommendation  noted  in  2.4  was 
for  an  air  motor  drive  attachment  fitted  to  the  side  of  the 
GPU.  This  scheme  was  dropped  when  further  evaluation  revealed 
that; 

(1)  The  air  motor  drive  was  soft,  requiring  a rela- 
tively large  initial  throttle  displacement  to 
overcome  start  inertia,  which  must  then  be  reduced 
for  slow  running.  In  close  quarters  this  lack  of 
precise  control  could  cause  the  GPU  to  collide 
with  the  aircraft.  This  problem  has  been  recog- 
nized in  the  A/M32-A60,  and  is  serious  enough  that 
the  drive  system  is  disconnected  on  receipt  by 
the  using  command. 
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(2)  The  air  motor  is  a relatively  expensive  device 
and  the  cost  is  not  consistent  with  the  balance 
of  the  GPU. 

Hydraulic  drives  similar  to  those  used  on  the  MSU-1  were  eval- 
uated. Live  axle  designs  using;  (1)  a single  drive  motor  and 
differential,  and  (2)  a simple  offset  gearbox,  and  simple 
gerotor  type  direct-drive  hydraulic  motors  were  evaluated. 

The  direct-drive  gerotor  motor  provided  by  Char-Lynn  division 
of  Eaton  Corporation  was  found  to  be  lightest,  cheapest,  and, 
by  its  simplicity,  the  most  reliable  drive  scheme.  In  evalu- 
ating the  mobility  system,  it  became  apparent  that  no  objec- 
tive justification  for  the  self-propelled  GPU  could  be  made 
since  the  simple  towed  device  was  lighter,  cheaper,  and  met 
all  mobility  requirements.  The  mobility  equipment  trade-off 
chart.  Table  19,  illustrates  the  selection  basis. 

3.2.8  Power  Plant 

This  section  describes  characteristics  of  the  power  plants 
considered.  The  ultimate  power  plant  selection  was  made  on 
the  basis  of  its  relationship  with  driven  accessories,  and  is 
discussed  in  Para.  3.2.14. 

As  noted  in  Para.  2.4.1,  both  diesel  and  gas  turbine 
power  plants  were  considered  for  this  study.  Even  though  the 
diesel  engine  was  heavy,  required  a large  volume  for  installa- 
tion, had  poor  mobility,  and  demonstrated  poor  reliability 
and  high  maintenance  requirements,  it  was  felt  that  the  fuel 
economy  and  low  initial  cost  might  offset  these  disadvantages. 

The  gas  turbine,  on  the  other  hand,  had  the  advantages  of  low 
weight,  high  mobility,  and  low  volume,  but  these  were  offset 
by  relatively  high  fuel  consumption  and  higher  first  cost. 

Gas  turbines  that  were  finally  considered  were  integral- 
bleed,  and  of  the  single-pad  type,  as  represented  by  the  UTTAS 
or  AAH  APUs,  and  the  dual-output  pad  type.  Two  output  pads 
were  required  to  turn  at  speeds  of  6000  and  12,000  rpm  for 
compatibility  with  the  hydraulic  pump  and  high-speed  alter- 
nator. Therefore,  the  single-pad  gas  turbines  had  to 
include  a two-pad  auxiliary  gearbox. 

Diesel  engines  considered  were  all  Army  inventory 
hardware  selected  from  QPL  11276.  These  engines  operate  in 
the  range  of  1800  to  2500  rpm,  thus  creating  a problem  of  driv- 
ing relatively  high-speed  accessories  (6000-rpm  hydraulic  pump, 
3600-to  6000-rpm  alternator,  and  30,000-rpm  boost  compressor) 
with  the  low  engine  input  speed.  Several  approaches  were  con- 
sidered in  the  diesel  prime  mover  evaluation.  The  auxiliary 
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TABLE  19.  MOBILITY  EQUIPMENT 


gearbox  arrangement  used  with  the  gas  turbine  overcame  the 
diesel  low-speed  problem.  Two  basic  diesel  approaches,  identi- 
fied as  mechanical  links,  were  gearbox  driven  and  considered 
using  (1)  the  aircraft  alternator  for  commonality  with  the  air- 
craft systems,  and  (2)  the  low-speed  commercial  alternator. 

The  advantages  of  the  two  systems  were  weight  and  cost, 
respectively.  In  addition  to  these  mechanical  link  approaches, 
all-electric,  all-hydraulic,  or  all-pneumatic  drive  systems 
for  the  diesel  were  also  considered.  In  the  all-electric  sys- 
tem, a 100-KW  low-speed  alternator  was  driven  directly  from 
the  diesel  engine  output  shaft.  Small  (40  hp)  electric  motors 
were  used  to  drive  the  hydraulic  pump  and  air  compressor  to 
provide  system  hydraulic  and  pneumatic  outputs.  The  all- 
hydraulic  system  was  basically  identical  except  that  an  80- 
gpm,  3000-psi,  hydraulic  pump  was  driven  directly  from  the 
diesel  engine  output  shaft,  and  40-hp  hydraulic  motors  were 
used  to  drive  the  load  compressor  and  alternator.  The  pneu- 
matic system  provided  a direct  drive  air  compressor  that  drove 
the  hydraulic  pump  and  alternator  through  air  motors.  Other 
potential  combinations  of  hardware  were  available.  However, 
the  seven  systems  considered,  i.e.,  five  diesel  and  two  gas 
turbine  engines,  represented  the  most  economical  arrangements 
in  each  of  the  drive  systems. 


3.2.9  Auxiliary  Gearbox 


Both  the  mechanical  link  diesel  engine-driven  systems 
and  the  single  output  pad  gas  turbine  systems  mentioned  in 
the  preceding  paragraph  required  use  of  an  auxiliary  gearbox 
to  provide  the  two-  or  three-output  drive  capability  required 
to  satisfy  system  output  characteristics.  Two  approaches  were 
followed  in  evaluating  the  auxiliary  gearbox:  (1)  soliciting 
outside  vendor  interest  in  providing  this  kind  of  equipment, 
and  (2)  evaluation  within  AiResearch,  since  AiResearch  has 
considerable  expertise  in  the  development  and  production  of 
gearbox  systems. 

Cotta  Transmission  Company  was  contacted  and  indicated 
an  interest  in  this  program.  Unfortunately,  the  responses 
were  not  received  in  time  to  use  in  the  original  evaluations 
leading  up  to  the  program  review  with  Army  personnel. 

Material  from  Cotta  Transmission  Company  was  based  on  a unit 
then  in  production.  It  would  be  adaptable  either  to  a gas 
turbine  or  a diesel  engine.  However,  the  diesel  engine  would 
require  additional  gearing  to  adjust  the  speeds.  The  gas 
turbine  engine  driven  device  would  have  two  output  pads,  both 
conforming  to  MS  18054.  The  input  would  be  a pad  similar  to 
AND  20002.  The  gearbox,  which  would  weigh  approximately  200 
pounds,  would  be  based  on  an  aluminum  casting.  The  diesel 
engine-driven  gearbox  would  be  identical  in  output  to  that 
provided  for  the  gas  turbine.  Additional  gears  would  be 
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required  to  obtain  the  proper  output  speed,  thus  the  weight 
would  increase  by  about  50  pounds  and  cost  by  about  10  to  15 
percent. 

Since  the  Cotta  response  was  late,  AiResearch  initiated 
a backup  program  to  provide  a preliminary  gearbox  design 
layout  to  be  used  on  gas  turbine  engine-driven  equipment  only. 
The  box  would  fit  with  either  the  standard  AND  20002  pad  or 
with  the  modified  output  pad  anticipated  for  use  on  the  AAH 
APU.  The  modified  AAH  APU  pad  was  designed  to  fit  with  the 
friction  clutch  through  which  the  APU  drives  into  the  heli- 
copter gearbox.  These  layout  schemes  are  shown  in  Figures  18 
and  19.  The  AiResearch  design  approaches  were  significantly 
different  from  those  used  by  Cotta  Transmission  Co.  Cotta 
gearboxes  were  of  industrial  design  using  heavy  low-strength 
shafts,  large  slab  gears,  and  thick-walled  aluminum  castings. 
These  features  allow  a low-cost,  but  high-weight  part. 
AiResearch  designs,  on  the  other  hand,  are  of  aircraft  quality, 
using  high-strength  steel  gears,  lightweight  hollow  shafts, 
and  thin-walled  aluminum  castings.  The  estimated  weight  of 
the  AiResearch  gearbox  was  50  pounds,  compared  with  200  pounds 
for  the  Cotta.  However,  AiResearch  gearbox  costs  would  be 
somewhat  higher.  Estimated  prototype  cost  of  the  Cotta 
Transmission  gearbox  was  abc.ut  60  percent  of  that  for  the 
AiResearch  gearbox. 

One  other  significant  cost  factor  associated  with  the 
design,  development,  and  test  of  an  auxiliary  gearbox  was  the 
nonrecurring  task.  In  addition  to  the  basic  design,  sub- 
stantial nonrecurring  cost  for  test  and  qualification  would 
also  be  required.  The  large  nonrecurring  cost  was  felt  to  be 
inconsistent  with  the  program  hardware  goals  of  using  devel- 
oped off-the-shelf  equipment. 

The  AiResearch  design  was  used  in  the  trade-off  dis- 
cussed in  Para.  3.2.14. 

3.2.10  Installation 

In  the  installation  design  considerations,  the  parameters 
of  weight  and  volume  of  the  selected  components  were  fixed, 
and  these  established  system  mobility  characteristics.  There- 
fore, the  only  flexibility  in  the  design  was  configuring  the 
package  to  minimize  enclosure  dimensions.  An  enclosure  could 
be  configured  so  that  no  internal  space  was  wasted;  however, 
such  an  arrangement  would  generally  be  impossible  to  maintain 
and  reliability  would  be  poor.  As  a result,  reliability, 
maintainability,  and  cost  were  felt  to  be  the  most  significant 
design  parameters.  Specific  tasks  considered  in  the  installa- 
tion design  incli’.ded  compartment  cooling,  exhaust  isolation, 
acoustic  treatments,  inlet  and  exhaust  location,  inlet  filtra- 
tion, hydraulic  oil  cooling,  and  compressor  inlet  air  treat- 
ments. 
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Figure  19.  Clutch-driven  two-pad  auxiliary  gearbox. 
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A detailed  installation  analysis  was  undertaken  as  a part 
of  the  MERADCOM  30-KW  generator  set  program.  The  generator 
set  and  GPU  were  basically  identical.  Therefore,  the  pre- 
viously conducted  parametric  analysis  was  felt  to  be  valid  for 
this  program.  Results  of  this  analysis  are  shown  in  Table  20. 
Installation  selection  was  based  on  minimum  specific  fuel 
consumption  (SFC)  penalty.  It  should  be  noted  that  Configura- 
tions B and  G both  introduce  a lower  SFC  penalty  on  the 
installed  gas  turbine  than  the  selected  Configuration  H.  Con- 
figuration G was  selected  for  the  MERDC  30-KW  system.  The 
difference  between  G and  H was  that  inlet  air  to  the  gas  tur- 
bine and  to  the  generator  is  ducted  in  Configuration  II,  where- 
as it  was  not  ducted  in  Configuration  G.  The  ducted  inlet 
system  was  felt  to  be  more  appropriate  for  the  GPU  since  bleed 
air  extracted  from  the  GPU  power  plant  would  be  used  in  the 
AAH  aircraft  environmental  control  systems  and  must  be  breath- 
able. For  this  reason,  it  .ms  felt  that  the  contamination 
that  might  occur  within  the  enclosure  would  be  unacceptable. 
Accordingly  the  inlet  plenum  and  duct  were  selected.  Config- 
uration B required  use  of  an  engine-driven  fan.  Since  no  fan 
drive  pads  were  available  on  the  gearbox  of  the  selected  GPU 
power  plant,  this  was  not  a viable  system. 


Compartment  cooling  in  the  installation  arrangement  was 
provided  by  an  exhaust  gas  ejector.  Primary  flow  was  from  the 
turbine  exhaust  taken  from  the  engine  exhaust  duct  into  a 
transition  turn  that  redirected  air  from  the  6-in.  round 
exhaust  duct  into  a 2-x  14-in.  rectangular  duct,  and  then 
through  a 90-degree  turn  to  discharge  vertically  upward.  The 
high  velocity,  high  temperature  exhaust  jet  was  used  as  the 
motive  force  f'^r  an  exhaust  gas  eductor.  Previous  AiResearch 
experience  with  eductors  of  this  type  indicated  that  a primary- 
to-secondary  flow  ratio  approaching  one  may  be  obtained.  Sec- 
ondary flow  was  used  for  compartment  and  hydraulic  oil  cool- 
ing, as  well  as  cooling  and  reducing  turbine  exhaust  velocity. 
This  feature  also  provided  advantages  in  acoustics  and  infrared 
(IR)  signature. 

The  control  system  and  electricdl  components  should  be 
isolated  from  the  hot  turbine  area.  This  isolation  could  be 
accomplished  by  use  of  the  shrouded  exhaust  arrangement  chosen 
or  a firewall.  The  shrouded  exhaust  was  chosen  since  it  sig- 
nificantly enhanced  maintainability  of  the  generator  set.  The 
hot  turbine  exhaust  components  were  shrouded  in  a flow  of  cool 
air  induced  by  the  exhaus  gas  ejector.  The  extremely  hot 
turbine  exhaust  was  exposed  only  to  the  internal  components  of 
the  exhaust  shroud.  Acoustic  treatments  would  be  addressed 
in  a separate  item;  however,  acoustic  treatments  generally 
were  incorporated  as  a part  of  the  overall  installation  design 
to  provide  the  most  optimum  arrangement  meeting  the  general 
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TABLE  20.  INSTALLATION  PARAMETRIC  ANALYSIS 
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requirements  of  reliability,  maintainability,  and  cost.  Both 
inlet  and  exhaust  were  located  on  the  towbar  end  of  the  set, 
away  from  the  operator's  console.  The  inlet  was  located  above 
the  towbar  in  a wide  duct,  extending  across  the  end  of  the  en- 
closure. The  turbine  exhaust  discharges  vertically  upward  at 
the  same  end.  This  was  felt  to  be  the  best  arrangement  for  a 
number  of  reasons:  the  inlet  and  exhaust  are  both  located  as 
far  as  possible  from  the  operator's  station;  this  arrangement 
affords  the  best  separation  of  inlet  and  exhaust  to  prevent 
reingestion  of  hot  exhaust;  the  inlet  is  high  enough  above 
the  ground  so  that  no  "vacuum  cleaner"  effect  would  take 
place;  the  turbine  exhaust  is  placed  high  in  the  enclosure, 
thus  minimizing  safety  hazard. 

In  every  mobile  gas  turbine  system,  location  of  inlet  and 
exhaust  ducting  represents  a compromise  in  the  installation. 

The  arrangement  chosen  for  the  GPU  was  felt  to  offer  the  least 
possible  compromise  to  other  factors  in  the  system  design. 

An  inertial  inlet  air  filter  is  provided  as  a part  of  the 
installation.  This  device  is  believed  to  be  mandatory  in  a 
piece  of  ground  servicing  equipment  requiring  high  reliability 
and  long  life.  The  particular  filter  selected  for  this  design 
is  available  from  either  the  Donaldson  Company  or  Aircraft 
Porous  Media.  Technical  features  of  efficiency  and  installaf* 
tion  requirements  are  almost  identical  between  the  two  systems. 
No  production  cost  data  has  been  accumulated;  however,  based 
on  previous  experience,  the  two  companies  would  be  extremely 
competitive. 

The  inlet  filter  functions  by  inducing  a swirl  component 
through  a series  of  small  diameter  tubes  (approximately  1-in. 
diameter) . The  swirl  or  centrifugal  separator  effect  generated 
in  these  swirl  tubes  tends  to  sling  the  heavy  dirt  particles 
to  the  outer  film  of  air  passing  through  the  tubes  (see  Figure 
20) . Downstream  of  the  swirl  tube  is  a receiver  slightly 
smaller  in  diameter  than  the  swirl  tube.  This  receiver  skims 
off  the  dirty  air,  allowing  only  clean  air  to  pass  through. 
Dirty  air  is  drawn  through  an  ejector  system  to  an  exhaust 
port  in  the  installation.  In  the  GPU,  this  filter  scavenge 
arrangement  is  accomplished  by  using  the  low  pressure  in  the 
area  surrounding  the  exhaust  gas  ejector  as  a filter  scavenge 
medium.  Penetrations  into  the  inlet  filter  box  are  provided 
from  the  exhaust  box  so  that  conteuninated  inlet  filter  air  may 
be  drawn  away.  Filter  efficiency  is  on  the  order  of  90  per- 
cent with  A.C.  coarse  dust  and  85  percent  with  A.C.  fine  dust, 
with  air  conteuninated  to  the  level  specified  in  MIL-E-5007. 
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Figure  20.  Inertial  inlet  air  filter  diagreun. 
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Hydraulic  oil  cooling  is  another  byproduct  of  the  exhaust 
gas  ejector  system  selected  for  this  installation.  Hydraulic 
oil  filters  were  mounted  in  the  enclosure  wall  with  a simple 
deflector  and  acoustic  baffles  on  the  inside  of  the  enclosure 
to  present  direct  line  of  sight  into  the  enclosure.  Compart- 
ment cooling  airflow  is  initially  drawn  through  the  hydraulic 
oil  coolers,  over  the  temperature-sensitive  control  system 
components,  and  into  the  turbine  exhaust  box. 

The  inlet  plenum  and  duct  arrangement  provide  a crushable 
elastomeric  seal  between  the  compressor  inlet  plenum  and  inlet 
duct  in  the  GPU  enclosure.  The  inlet  duct  is  a formed 
element  in  the  bottom  pan  of  the  fiberglass  enclosure.  The 
inlet  plenum  is  a separate  gas  turbine  component.  The  inlet 
plenum  provides  a flow  of  clean,  uncontaminated  air  from  the 
outside  ambient,  through  the  inertial  inlet  air  filter,  and 
directly  to  the  gas  turbine  compressor.  An  airflow  schematic 
is  shown  in  Figure  21. 

3.2.11  Instrument  Panel 


The  GPU  instrument  panel  is  laid  out  with  the  instrumen- 
tation arranged  in  functional  groupings.  The  gas  turbine 
engine  instrumentation  includes  the  exhaust  gas  temperature 
(EGT)  indicator,  tachometer,  hourmeter,  and  battery  charge 
indicator.  Controls  included  in  this  group  are  the  dc  circuit 
breaker,  panel  light  switch,  and  gas  turbine  master/start-stop 
switch.  The  second  group  includes  the  hydraulic  system  and 
pneumatic  system.  Each  of  these  systems  consists  of  a pres- 
sure gage,  a function  light  to  indicate  that  the  system  is 
in  operation,  and  an  on/off  selector  switch.  The  third  group- 
ing comprises  electrical  instruments,  including  the  frequency 
meter,  volt  meter,  ammeter,  and  a space  for  dc  volts  and  dc 
amps  if  it  is  ultimately  decided  that  these  instruments  are 
required.  Controls  included  in  these  groupings  are  the  ac  cir- 
cuit breaker  switch  and  indicator  light,  ac  voltage  adjust 
rheostat  (later  deleted) , volt  amp  transfer  switch,  and  dc  cir- 
cuit breaker  switch  and  light.  The  fourth  grouping  is  the 
fault  isolation  panel.  This  device  receives  a fault  signal 
from  one  of  the  sensing  devices  provided  in  the  GPU  either  from 
the  gas  turbine  logic  package  or  the  electrical  or  hydraulic 
system  warning  functions,  provides  a shutdown  function,  and 
automatically  lights  the  appropriate  fault  warning  light  on 
the  indicator  panel.  Both  are  latching  functions.  If  a fault 
causes  gas  turbine  shutdown,  the  shutdown  is  latched  such  that 
the  unit  may  not  be  restarted  without  clearing  the  fault  panel. 
At  the  Seime  time,  the  first  fault  that  occurs  lights  the  appro- 
priate indicator  light  on  the  fault  isolation  panel  and  then 
blocks  any  subsequent  fault  shutdown  indications.  Faults 
appearing  on  the  fault  isolation  panel  include  overspeed,  elec- 
trical shutdown,  loss  of  fuel,  control  system  short  circuit. 
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Figure  21.  Airflow  schematic.  Army  advanced  GPU. 
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high  oil  temperature  and  low  oil  pressure.  Warning  functions 
are  also  provided  to  alert  the  operator  of  pending  problem 
areas.  These  four  functions  are  battery  fault,  low  fuel,  high 
EGT,  and  hydraulic  fluid  high  temperature.  These  functions 
are  not  lockout-type  and  reset  independently  when  the  fault 
condition  is  removed.  Also  included  on  the  fault  indicator 
panel  are  the  test-reset  switch  and  indicator  light.  The  ini- 
tially proposed  instrument  panel  layout  is  shown  in  Figure  22. 

3.2.12  Acoustics 

The  contract  SOW  established  an  objective  of  50  dB  at  10 
feet  as  the  GPU  allowable  noise  level.  Subsequent  to  issuance 
of  the  contract,  this  requirement  was  relaxed  such  that  50  dB 
became  a design  goal.  It  was  originally  pointed  out  in  the 
AiResearch  GPU  program  proposal  that  50  dB  was  an  ambitious 
requirement  which  was  beyond  the  current  state  of  the  art  for 
existing  off-the-shelf  equipment.  AiResearch  suggested  that 
50  dB  could  be  obtained  by  incorporating  acoustic  suppression 
characteristics  in  the  basic  aerodynamic  component  design,  and 
therefore  suggested  that  an  effort  in  the  advanced  APU  portion 
of  the  GPU  concept  contract  could  be  extended  to  include 
attaining  the  50-dB  noise  level  goal. 

Some  evaluation  of  the  single-point  noise  level  require- 
ment was  felt  to  be  in  order.  A simple  single-point  overall 
statement  could  allow  significant  variations  in  the  sensible 
noise  as  heard  by  the  human  ear.  Standard  practice  in  the  gas 
turbine  industry  is  to  specify  the  noise  level  over  the  audi- 
ble frequency  range  using  center  frequencies  of  octave  band 
frequency  limits.  This  results  in  a curve  statement  as  shown 
in  Figure  23.  A modification  of  this  method  that  provides 
much  closer  approximation  of  the  sensible  noise  uses  a weight- 
ing network  representing  the  acoustic  response  of  the  hiaman 
ear.  Figure  24  illustrates  the  "A"  weighting  scale,  allowable 
octave  band  noise  limits  for  diesel  and  gas  turbine  sets,  and 
the  single-point  overall  and  A-weighted  values  for  those 
limits.  The  main  goal  in  establishing  any  acoustic  specifica- 
tion is  to  fix  noise  generation  characteristics  of  a piece  of 
hardware  as  represented  either  by  the  noise  tolerance  of 
individuals  working  around  the  operating  equipment  or  as  a 
function  of  detectability  of  a piece  of  military  equipment  in 
a combat  operating  zone.  A goal  of  50  dB  had  been  established 
in  prior  programs  on  the  basis  of  the  detectability  criterion. 
Both  civilian  and  military  agencies  have  established  standard 
limits  that  govern  the  allowable  noise  outputs  of  equipment 
for  human  tolerance.  These  are  specified  in  the  OSHA  require- 
ments, in  MIL-STD-1474 , and  in  other  documentation  dealing 
with  military  hardware.  The  main  concern  was  the  cost  of 
acoustic  treatment  in  weight  and  dollars  to  accomplish  a 
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Figure  22.  Instrument  panel  layout. 


OCTAVE  BAND  LEVEL  IN  DB  RE  0.0002  MICROBAR 


Figure  23.  Comparative  noise  characteristics. 
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Figure  24.  Comparative  noise  characteristics. 
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specified  level  of  quietness.  A chart  was  prepared  illustrat- 
ing general  characteristics  and  relative  cost  and  weight  to 
accomplish  overall  noise  levels  of  gas  turbine  driven  equip- 
ment. In  this  particular  case  the  advanced  GPU  was  used  as  a 
model.  In  Figure  25,  seven  points  are  established  on  the 
curve  representing  increasingly  qui_L  installations.  Point 
one  represents  only  an  enclosed  bare  gas  turbine  with  no 
inlet  or  exhaust  silencing  incorporated.  A sound  pressure 
level  (SPL)  of  98  dB  overall  is  noisy  to  the  point  of  discom- 
fort. Point  2 represents  the  same  unit  with  inlet  and  exhaust 
silencing  added.  This  drops  the  overall  noise  from  98  to  82 
dB.  Point  three  provides  an  additional  1-dB  reduction  by 
adding  a straightening  grid  in  the  turbine  exhaust.  The  con- 
figuration represented  by  Point  3 was  chosen  and  depicted  in 
the  layout  sketches  defining  the  GPU  as  presently  conceived. 
The  balance  of  the  configurations  noted,  4 through  7,  signifi- 
cantly increase  the  package  envelope  to  accomplish  the  stated 
noise  reduction.  A point  worthy  of  some  consideration  is  the 
weight.  The  vertical  weight  of  Figure  25  scale  is  not  linear, 
and  the  10  dB  change  realized  by  the  next  step  in  treatment 
providing  additional  enclosure  treatments  and  an  inlet  and 
exhaust  maze  imposes  an  added  weight  penalty  of  650  pounds  and 
a relative  cost  three  times  that  of  the  chosen  system.  The 
main  point  illustrated  in  this  chart  is  that,  with  the  addi- 
tion of  enough  material  and  its  attendant  weight  and  cost 
increases,  an  extremely  quiet  system  could  be  developed;  how- 
ever, this  quietness  would  necessarily  be  traded  off  against 
weight,  cost,  serviceability,  and  usability  of  that  piece  of 
hardware.  As  noted,  the  treatment  represented  by  Point  3 on 
the  curve  is  the  treatment  selected  for  use  in  the  advanced 
GPU.  A total  of  81  dB  overall  is  a relatively  quiet,  toler- 
able noise  level.  To  illustrate  this  noise  level,  reference 
has  been  made  both  verbally  and  audibly  to  the  MERADCOM  30-KVJ 
generator  set  that  was  produced  at  AiResearch.  The  proposed 
treatments  and  anticipated  noise  levels  are  represented  by 
that  piece  of  hardware. 

3.2.13  Infrared  Radiation 

No  infrared  (IR)  requirements  were  established  for  the 
GPU  in  the  SOW.  However,  it  was  felt  that  because  of  the 
proximity  of  the  laager  area,  where  the  GPU  is  envisioned  for 
widest  usage,  to  the  battle  area  there  was  a potential  for  the 
GPU  system  to  be  exposed  to  infrared  seeking  devices.  Also, 
because  of  the  GPU  proximity  to  the  aircraft,  a potential 
hazard  to  the  aircraft  itself  was  present.  For  this  reason, 
an  investigation  was  conducted  to  establish  IR  characteristics 
of  the  GPU  and  to  determine  if  any  modifications  not  requiring 
complete  redesign  of  the  GPU  system  could  be  implemented  to 
reduce  the  IR  characteristics. 
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PLUS  ADDITIONAL  EXHAUST  MUFFLER 


The  gas  turbine  IR  signature  consists  of  two  elements: 
the  exhaust  plume,  which  is  a cloud  of  hot  gas  ejected  from 
the  turbine  exhaust  into  the  atmosphere;  and  the  hot  metal 
parts  associated  with  the  turbine  exhaust  (see  Figure  26) . 

Other  installations  might  have  other  sources,  but  these  two 
are  the  primary  concern  in  the  GPU.  For  evaluation  purposes, 
a full-load  exhaust  gas  temperature  of  1275°F  was  assumed  at 
a flow  rate  of  3.35  Ib/sec.  As  noted  in  the  installation 
section,  the  unit  employs  an  exhaust  gas  ejector  to  provide 
compartment  cooling.  If  an  ambient  temperature  of  100 °F  is 
assumed  with  a secondary  flow  rate  of  3 Ib/sec,  a mixed  gas 
temperature  of  710°F  is  projected  from  the  turbine  exhaust. 

This  710°F  plume  provides  a hot  gas  signature  of  10  watts  per 
steradian.  The  hot  metal  temperature  is  estimated  to  be 
700°F.  There  are  approximately  150  sq  in.  of  material  at  this 
metal  temperature,  including  the  screen,  the  end  of  the  exhaust 
muffler,  and  the  turbine  exhaust  pipe  that  is  visible  through 
the  screened  opening.  This  area  of  hot  metal  has  a signature 
of  35  watts  per  steradian.  These  values  exceed  the  aircraft 
IR  limits.  However,  design  changes  using  mixing  devices,  cas- 
cade ejectors,  or  screens,  can  be  incorporated  to  shield  tur- 
bine exhaust  components  and  hide  hot  metal  parts  sufficiently 
to  satisfy  IR  requirements  should  they  be  imposed. 

Inasmuch  as  no  IR  requirements  have  been  imposed  and  the 
investigation  ruled  out  the  potential  redesign  requirement,  no 
further  investigation  was  conducted. 

3.2.14  GPU  Selection 

Hardware  systems  were  established  to  present  an  array  of 
choices  associated  with  different  power  plants  so  that  the 
total  power  generation  system  could  be  traded  off  and  evalu- 
ated. The  combinations  ultimately  considered  for  evaluation 
are  shown  in  Table  21.  As  noted  in  the  power  plant  descrip- 
tion in  Para.  3.2.8,  combinations  of  diesel-engine-driven 
primary  electric,  hydraulic  and  pneumatic  systems  were  estab- 
lished, as  well  as  gearbox-driven,  mechanically-liaked  systems 
using  both  commercial  and  aircraft  quality  hardware.  Even 
with  the  best  combinations  of  hardware  available,  the  total 
rating  values  for  all  diesel  systems  were  nearly  twice  that  of 
the  gas  turbine  configurations.  The  two  gas  turbine  configura- 
tions shown  in  Table  21  used  fiberglass  enclosures  and  the 
selected  components  described  in  the  detailed  trade-off  anal- 
yses of  Para.  3.2.  The  auxiliary  gearbox  considered  for 
the  two-pad  gearbox  configuration  was  the  AiResearch  design, 
which  was  lighter  but  more  expensive  than  the  Cotta  Transmis- 
sion design  that  was  received  later.  The  optimum  configuration, 
based  on  the  trade-off  information  presented,  is  the  gas  tur- 
bine engine-driven,  integral  bleed,  integral  two-pad  gearbox 
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Infrared  signature. 


TABLE  21,  GROUND  POWER  UNIT  TRADE-OFF 
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multiplying  percentile  comparison  of  individual  GPU  cost  with  baseline 
cost  by  weighting  factor  of  1.5. 


unit  driving  the  hydraulic  pump  and  high-speed  alternator 
directly.  The  unit  is  housed  in  a fiberglass  enclosure,  and 
is  mounted  on  high-flotation  wheels  and  tires  fixed  to  solid 
axles.  It  is  a towed  device.  The  gas  turbine  is  electrically 
started. 

Additional  features  beyond  those  evaluated  in  the  trade- 
off analyses  were  incorporated.  Part  of  the  transportability 
requirement  established  for  the  GPU  was  that  it  might  be 
carried  as  an  internal  cargo  load  in  the  CH-47  and  the  C-130 
aircraft,  and  as  a sling  load  by  the  UTTAS,  UH-1,  or  CH-47D. 

In  reviewing  the  UTTAS  aircraft  procurement  specification,  it 
was  noted  that  sling  load  cargo  could  be  carried  only  in  VFR 
conditions,  and  that  IFR  operation  could  be  conducted  with 
internal  cargo  load  only.  For  this  reason,  the  GPU  was  con- 
figured to  be  carried  as  internal  cargo  in  the  UTTAS  helicopter. 
A layout  sketch  showing  this  installation  was  prepared  by 
Vehicle  Systems  as  part  of  the  mobility  study  (Figure  5) . 

Further  review  suggested  that,  although  it  was  not  a problem 
statement  requirement,  it  would  be  desirable  to  have  the  GPU 
also  stowable  on-board  the  UH-1.  Therefore,  unit  height  was 
limited  to  48  in.  The  UTTAS  door  opening  is  52  in.  high,  while 
the  UH-1  door  opening  is  49  in.  high.  The  48-in.  GPU  dimension 
will  fit  within  either  of  the  aircraft  hulls.  The  GPU  track 
over  the  outside  of  the  wheels  is  52  in.  This  dimension  is 
also  consistent  with  either  aircraft  cargo  area.  GPU  length 
with  the  towbar  folded  up  is  72  in. , which  again  is  a con- 
sistent dimension  with  the  aircraft  cargo  areas.  Tie-down 
provisions  are  available  to  accommodate  the  GPU  in  either  air- 
craft model,  and  either  aircraft  floor  will  accommodate  the 
unit  loadings  imposed  by  the  tires.  Cargo  area  and  tie-down 
data  for  the  UH-1  aircraft  only  are  shown  in  Figures  27  and  28. 

Stowage  compartment  for  aircraft  service  conductors  is 
at  the  top  of  the  GPU,  and  is  sized  so  that  all  service  con- 
ductors (the  bleed  air  duct,  ac  cable,  and  hydraulic  hoses, 
each  30  ft  long) , could  be  stowed  in  this  container  during 
GPU  transport.  External  service  conductors  stowage  was  not 
considered  since  loss  in  transport  would  be  very  likely.  GPU 
system  dry  weight  is  1175  lb.  In  addition,  with  each  of  the 
reservoirs  full,  the  fluids  would  add  an  additional  244.5  lb. 
This  is  made  up  of  6 gal.  of  hydraulic  fluid,  40  gal.  of  jet 
fuel,  and  1 gal.  of  lube  oil.  System  gross  weight  is  estimated 
at  1484.5  lb. 

An  elementary  electrical  system  schematic  is  shown  in  Fig- 
ure 29.  The  hydraulic  system  schematic  associated  with  the 
pressurized  reservoir  system  is  shown  in  Figure  30. 
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Cargo  Area, 
Maximum  Loading 
Dimensions 


NOTES: 

1.  Cargo  floor  loading  vs  G load  factor 

Lb.  Sq.  Ft.  Safaty  factor 

300  1.0 

150  2.0 

100  3.0 

2.  Floor  lie-down  fillinis.  tlrength  I2S0  pounds  vertical,  SOO 
pounds  horuonlal  load  per  ruling.  Each  afi  bullhead  tie-down 


Optional  Loading 
Area.  Left  Scat 
Removed 


ililSl  5.  Interior  Clearan<» 
Above  Maximum 
Package  at  Center- 
line  of  Cabin 


Mirror  Stowage 


fitting  IS  capable  of  the  lollowiag  loads:  I2S0  lbs.  parallel  to 
the  bulkhead.  2145  lbs  at  a 45*  angle 

Bulkhead  ue-down  fitsings  arc  good  for  2500  pounrla 
ultimate  per  fitting  perpendicular  to  the  bulkhead 

Tie-down  fittings  on  the  suteof  the  bsams  arc  good  for  1250 
pounds  ultimate  per  lltung  perpendicular  to  the  beams 

Two  fittings  at  station  I2S0  are  good  for  1250  pounds 
ultimate  per  fitting  perpendicular  to  bulkhead 


Figure  27.  Cargo  area  and  tie-dovm  fittings. 
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Figure  28.  Cargo  tie-down  fitting  data. 
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The  final  AAH/UTTAS  GPU  system  recommended  by  AiRe search 
is  shown  in  Figure  31.  Figure  2 illustrates  the  GPU  size 
relative  to  an  average  person  as  determined  by  principles  of 
human  engineering. 
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4.0  TRADE-OFF  FOR  CURRENT  AIRCRAFT 


The  GPU  presented  as  a result  of  detailed  trade-off  anal- 
yses discussed  in  Section  3.0  was  designed  specifically  to 
service  AAH  and  UTTAS  helicopters.  The  next  program  task  was 
to  evaluate  the  needs  of  existing  inventory  aircraft.  These 
include  the  UH-1,  AH-1,  CH-47,  CH-54,  OV-1,  and  U-21,  and 
comprise  both  rotary  and  fixed-wing,  hydraulic-  and  electric- 
started  aircraft,  and  which  represent  the  aircraft  most  likely 
to  remain  in  the  current  Army  fleet  through  the  period  in  which 
the  advanced  GPU  would  be  expected  to  operate.  The  intent  of 
this  task  was  to  review  existing  support  documentation  for  the 
aircraft  to  determine  the  following; 

o Ground  service  requirements 

o Interfaces 

o Ground  support  performance  requirements 

o Mobility  requirements 

It  was  then  necessary  to  determine  what  modifications  would  be 
required  in  the  selected  GPU  system  to  fit  with  some  or  all  of 
the  existing  aircraft  and  to  provide  ground  service  support. 

4 . 1 Review  Current  Aircraft  Requirements 

The  initial  aircraft  requirements  review  activity  was  to 
procure  appropriate  aircraft  manuals.  These  manuals  were  pro- 
vided by  USAAMRDL  for  AiResearch  use  in  the  Task  III  effort. 
Manuals  procured  were  the  operation  and  service  manuals  and 
aviation  unit  maintenance  manuals  for  the  following  aircraft: 
AH-1,  UH-1,  CH-47,  CH-53,  CH-54,  U-21,  OV-1.  The  CH-47D  was 
included  in  the  existing  aircraft  evaluation.  Details  of  this 
aircraft,  which  varied  from  the  B and  C models,  were  acquired 
both  from  USAAMRDL  and  directly  from  Boeing  Vertol.  Operation 
and  service  manuals  were  reviewed  specifically  for  information 
relating  to  ground  service  support  procedures,  and  generally 
included  the  locations  of  the  ground  service  connections,  and 
a photographic  description  of  the  attach  points.  Mainte- 
nance manuals  were  reviewed  for  input  requirements  that  might 
size  the  output  devices  on  the  ground  power  unit  and  for 
descriptive  information  concerning  the  aircraft  systems  that 
must  be  supported.  Electrical,  hydraulic,  and  pneumatic  sys- 
tems schematics,  and  any  peculiarities  that  might  affect  the 
GPU,  the  aircraft,  or  the  interface  between  the  two  were 
reviewed.  Manuals  also  were  reviewed  to  determine  any 
operating  limitations  affecting  gas  turbine  operation  inside 
the  rotor  radius.  Existing  aircraft  ground  power  require- 
ments defined  by  the  aircraft  manual  review  are  summarized  in 
Table  22. 
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4.1.1  UH-1 


The  UH-1  review  indicated  that  the  aircraft  has  a 200-300 
amp,  28-vdc  electric  starter-generator,  which  also  doubles 
as  a standby  generator.  The  operation  and  service  manual 
states  that  650  amps  dc  is  required  to  start  the  main  engine 
at  reduced  ambient  temperatures.  The  aircraft  electrical  sys- 
tem incorporates  a 34-amp/hr  NiCad  battery,  a 300-amp,  28-vdc 
main  generator,  and  a 400-Hz,  115-volt  inverter.  The  aircraft 
also  incorporates  a small  hydraulic  system  to  operate  flight 
controls.  This  hydraulic  system  uses  an  ambient-vented 
reservoir  and  provides  a system  flow  rate  of  6 gpm  at  1000 
psi.  The  aircraft  has  no  pneumatic  system. 

4.1.2  AH-1 


The  AH-1  engine  is  electrically  started.  The  aircraft 
contains  either  a 22-  or  a 34-amp/hr  NiCad  battery  and  requires 
up  to  650  amps  power  for  main  engine  starting.  The  electrical 
system  consists  of  the  300-amp,  28-vdc  starter-generator  and  a 
static  inverter  for  115-volt,  400-Hz  output.  The  unit  also 
contains  an  ambient-vented  hydraulic  reservoir.  System  flow 
is  6 gpm  at  1500  psi.  No  pneumatic  system  is  provided. 

4.1.3  CH-47B/C 

The  CH-47  is  a more  complicated  aircraft  than  either  the 
UH-1  or  AH-1.  It  has  both  115-v  400-Hz  and  28-vdc  electrical 
systems.  Primary  aircraft  power  is  115  vac,  400  Hz.  The  main 
engines  are  hydraulically  started;  therefore  the  electrical 
storage  capacity  on  board  the  aircraft  is  small.  The  CH-47 
uses  an  11-amp/hr  NiCad  battery  for  control  and  instrumenta- 
tion requirements.  DC  power  on  board  the  aircraft  is  provided 
by  a 200-amp  TR  unit.  AC  power  is  provided  by  a 20-KVA,  115- 
volt,  400-Hz,  three-phase,  gearbox-driven  alternator.  Both  ac 
and  dc  external  power  receptacles  are  provided,  but  an  ac  input 
would  energize  both  aircraft  systems  through  the  TR  unit. 

There  are  three  hydraulic  systems  on  board  the  aircraft.  Two 
identical  flight  control  systems  provide  flight  control  re- 
dundancy for  better  survivability  in  case  of  battle  damage. 

The  third  system  is  the  aircraft  utility  system  used  for  air- 
craft braking  and  power  for  the  hydraulic  hoisting  systems. 

The  Cn-47  has  an  on  board  APU  that  is  started  by  a hydraulic 
pump/motor  assembly.  The  APU  hydraulic  pump  output  is  used 
to  provide  main  engine  starting  power.  System  capacities  are 
14.2  gpm  at  3000  psi  for  flight  control,  11  gpm  at  3000  psi 
for  the  utility  systems,  and  22.5  gpm  at  4000  psi  for  main 
engine  start  from  the  APU.  Pneumatic  system  input  is  not 
required. 
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4.1.4  CH-47D 


The  CH-47D  is  an  uprated  modernized  version  of  the  basic 
B and  C models.  Major  changes  have  been  made  in  the  aircraft 
hydraulic  system.  The  electrical  systems  were  basically 
unchanged  from  the  B and  C models.  Hydraulic  system  modifica- 
tions reduced  flight  control  system  flows  from  14  to  8 gpm. 
System  pressure  of  3000  psi  was  maintained.  Modular  hydraulic 
system  components  (pumps)  are  used.  The  utility  system  has 
been  increased  to  15  gpm  and  3000  psi.  Main  engine  start  capa- 
bility is  still  provided  by  the  on  board  APU.  However,  pres- 
sure and  flow  have  been  reduced  to  16.5  gpm  at  3350  psi  for 
engine  starts.  The  hydraulic  system  reservoir  is  pressurized 
at  60  psi.  The  3350  psi  main  engine  start  requirement  was 
established  only  to  meet  a -40°  start  requirement  using 
MIL-H-83282  hydraulic  fluid.  Under  normal  ambient  conditions, 
and/or  using  MIL-H-5606  hydraulic  fluid,  all  aircraft  system 
functions  could  be  accomplished  using  a system  pressure  of 
3000  psi.  Pneumatic  ground  power  input  is  not  required. 

4.1.5  OV-1 

The  OV-1  is  primarily  a dc  electrical  system  aircraft, 
although  some  ac  is  provided.  However,  engine  start  and  most 
normal  aircraft  system  operation  is  provided  by  400-amp 
starter-generators  driven  by  the  main  engines.  Starting  from 
a ground  power  supply  is  not  allowed  by  the  technical  manuals. 
The  aircraft  storage  battery  is  a 22-amp/hr  NiCad,  which  pro- 
vides starting  power.  A small  pressurized  reservoir  hydraulic 
system  is  also  provided.  This  system  is  rated  at  6 gpm  at 
3000  psi.  No  GPU  pneumatic  or  electrical  input  is  required. 

4.1.6  U-21 

The  U-21  is  an  electrically  started,  dc  aircraft.  One 
version,  the  RU-21D,  requires  a small  quantity  of  115-volt, 
400-Hz,  single-phase  ac  for  electronic  countermeasure  equip- 
ment on  board  the  aircraft.  Primary  power  utilization  and 
generation  on  the  aircraft  is  28  vdc  provided  by  a 250-  to  300- 
amp  starter-generator  on  each  main  engine.  The  storage  battery 
is  a 34-amp/hr  NiCad.  The  main  engines  are  electrically 
started,  requiring  650  amps  dc  maximum.  There  are  no  pneumatic 
or  hydraulic  systems  on  board  the  aircraft.  A ground  service 
connection  is  provided  on  the  RU-21D  for  the  single-phase  ac 
requirement.  That  power  is  provided  on  the  aircraft  by  a 
small  inverter. 
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4.1.7  CH-54 


The  CH-54  is  a complicated  aircraft  having  both  28-vdc 
and  400-Hz  ac  electrical  systems  and  four  hydraulic  systems. 

The  primary  electrical  system  on  board  the  aircraft  is  pro- 
vided by  a gearbox-driven  10-kva,  115-volt,  400-Hz,  three- 
phase  alternator.  Onboard  dc  is  provided  by  a 28-volt,  200- 
amp  TR  unit.  A 22-amp/hr  NiCad  storage  battery  is  also 
provided.  One  aircraft  hydraulic  system  is  used  to  drive  the 
cargo  hoists  and  for  main  engine  starts.  There  are  also  two 
flight  control  hydraulic  systems  and  a utility  system.  The 
hoisting  and  engine  start  system  is  rated  at  12  gpm,  3500  psi. 
The  first  servo  (flight  control  system)  is  a 6-gpm,  3000-psi 
system,  and  the  second  a 6-gpm,  2000-psi  system.  The  aircraft 
utility  system  is  rated  6 gpm,  1500  psi.  Main  engines  are 
hydraulically  started.  The  aircraft  reservoir  is  vented  to 
ambient.  No  pneumatic  system  input  is  required. 

4 . 2 GPU  System  Modifications 

GPU  changes  required  to  support  existing  aircraft  ground 
power  requirements  are  summarized  in  Table  23.  This  data 
indicates  that  the  GPU  requires  no  pneumatic  system  modifica- 
tions to  fit  all  existing  aircraft  considered  in  this  study. 

A 28-vdc  output  capability  must  be  incorporated  to  provide  dc 
electric  start  requirements  for  the  UH-1,  AH-1,  and  U-21,  and 
ground  maintenance  requirements  for  the  OV-1.  A 200-amp  system 
with  overload  capability  to  1000  amps  would  be  required  for 
low  temperature  engine  starts.  A GPU  hydraulic  system  modifi- 
cation must  be  incorporated  to  accommodate  variations  in  exist- 
ing aircraft  hydraulic  systems.  Variations  include  use  of  both 
ambient-vented  and  pressurized  reservoir  systems  and  variable 
system  output  pressures  from  1000  to  4000  psi. 

4.2.1  Electric  System 

The  20-KVA,  400-Hz,  115-volt,  three-phase,  ac  generating 
system  proposed  for  the  recommended  GPU  concept  is  adequate 
to  supply  all  existing  aircraft  ac  needs.  Existing  aircraft 
dc  starting  and  secondary  power  supply  requirements  could  be 
met  by  incorporating  a 200-amp  continuous  rated,  500-amp  inter- 
mittent rated  TR  unit  in  the  existing  systems.  For  aircraft 
starting  requirements,  the  TR  unit  output  could  be  paralleled 
with  the  34-amp/hr  NiCad  battery,  allowing  intermittent  oper- 
ation at  currents  up  to  1000  amps.  The  200-amp  dc  steady- 
state  requirements  could  be  met  by  the  TR  unit  steady-state 
rating.  These  schemes  are  shown  as  Systems  2 and  3 in  Figure 
12.  System  No.  3,  retaining  the  "maintenance-free"  battery 
charging  scheme  was  recommended. 
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TABLE 

Pneumatic 

Hydraulic 


Electric 


23.  CHANGES  TO  FIT  EXISTING  AIRCRAFT 


o None 


o New  Pump  with  Variable  Pressure 
Compensator  Adjustment 

o Attachments  to  Adapt  to  Various 

Line  Sizes 

o Boost  Pump  to  Allow  Operation 

From  Vented  or  Pressurized 
Reservoir 


o Bigger  Transformer  Rectifier 

Unit(s)  to  Allow  up  to  1000  AMP 
DC  Output 


o DC  Output  Cables 
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4.2.2  Hydraulic  System  Modifications 

Variations  in  existing  aircraft  hydraulic  systems  are 
related  to  the  reservoirs  and  system  pressure  and  flow.  The 
reservoirs  are  both  vented  to  ambient  and  pressurized  to 
levels  from  11  to  60  psig.  To  allow  GPU  operation  with  the 
variable  systems  will  require  a more  sophisticated  GPU  reser- 
voir. The  reservoir  would  include  a selector  valve  to  allow 
operation  either  on  the  aircraft  reservoir  or  the  GPU  reser- 
voir. In  addition,  to  allow  operation  with  reservoir  pressures 
varying  from  ambient  to  60  psi,  a boost  pump  would  be  required 
that  would  maintain  a minimum  35-psig  inlet  pressure  to  the  GPU 
hydraulic  pump  to  prevent  cavitation.  The  GPU  hydraulic  pump 
selected  is  a variable  displacement  pump,  to  match  with  any 
of  the  existing  aircraft  systems'  flow  requirements.  To  fit 
with  the  different  output  system  pressures,  however,  an  adjust- 
able and  variable  pressure  compensation  device  would  be 
required.  The  presently  selected  Vickers  PV-3-075  hydraulic 
pump  does  not  have  variable  pressure  compensation  capability; 
therefore,  a different  GPU  pump  would  be  required  to  meet 
system  demands. 

4 . 3 Recommended  Concept 


The  recommended  multi-application  GPU  concept  is  shown  in 
Figure  32.  Envelope  dimensions  are  unchanged  from  the  system 
described  for  AAH  and  UTTAS  only.  Required  modifications 
described  in  Para.  4.2  are  all  internal  to  the  GPU  system 
enclosure.  The  200-amp  TR  unit  is  located  adjacent  to  the 
gas  turbine  povrer  plant,  immediately  aft  of  the  power  output 
panel.  The  hydraulic  system  boost  pump  is  located  adjacent  to 
the  hydraulic  system  reservoir.  The  dc  output  cable  is  con- 
nected inside  the  GPU  enclosure  and  fits  in  the  service  con- 
ductor storage  contained  at  the  top  of  the  unit.  System 
weight  increased  by  93.7  pounds.  The  electrical  system  recom- 
mended for  the  multi-application  GPU  is  System  3,  Figure  33. 
The  recommended  multi-application  GPU  hydraulic  system  is 
shown  in  Figure  34. 

4 . 4 Program  Review 

A program  re’^iew  and  concept  selection  meeting  was  held 
at  AiResearch  on  February  2 and  3,  1977  to  review,  with  inter- 
ested Army  agencies,  the  recommended  GPU  concepts  for  AAH  and 
UTTAS  and  for  application  to  existing  aircraft.  The  agencies 
represented  in  the  design  review  meeting  were  as  follows; 

(a)  USAAMRDL,  Fort  Eustis,  Virginia 

(b)  AAH-PMO,  St.  Louis,  Missouri 
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A.C.  POWER  CABLE  — 
COMMBCTIOM  TERMINAL 


Figure  32. 


Ground 


power  unit, 
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DC  output  for  current  fleet  aircraft. 
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Figure  33*  Alternate  GPU  electrical  systems. 
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Figure  34.  Recommended  multi-application  GPU  hydraulic  system 


(c)  AVSCOM,  R&D  Directorate,  St.  Louis,  Missouri 

(d)  TRADOC  (USATSCH) , Fort  Eustis,  Virginia 

(e)  PM-MEP,  Springfield,  Virginia 

These  represented  both  development  and  user  agencies  anticipa- 
ted to  be  involved  in  development  and  application  of  the  pro- 
duction model  of  the  U.S.  Army  advanced  GPU.  During  this 
meeting,  the  program  evolution  described  by  the  various  charts 
and  descriptions  contained  in  the  concept  formulation  and  con- 
cept selection  sections  of  this  report  were  presented.  This 
presentation  led  to  definition  of  the  GPU  for  AAH  and  UTTAS, 
and  the  multi-application  unit  to  service  other  aircraft.  As 
a result  of  the  presentations  and  discussions  during  the  meet- 
ing, a final  concept  to  service  AAH,  UTTAS,  and  CH-47D  was 
defined. 

This  unit  would  embody  the  following  characteristics: 

(a)  Gas  turbine  power  plant  with  integral  two-pad 
gearbox  and  integral  bleed  capability.  The 
system  was  designed  around  the  AiResearch  Model 
GTCP36-50D  APU. 

(b)  15  gpm,  3000  psig,  variable  displacement,  pressure 
compensated  hydraulic  pump  - Vickers  PV3-075. 

(c)  20  kva,  12,000  rpm,  air-cooled  alternator  - 
Bendix  Model  28B262-27. 

(d)  Fiberglass  enclosure  - Based  on  design  provided  by 
Brunswick  Corporation. 

(e)  Self-propelled,  wheeled  system. 

Subsequent  to  the  meeting,  authority  was  received  from 
the  contracting  officer  to  proceed  with  design  optimization, 
design  layout,  and  specification  description  of  the  unit 
ultimately  defined  during  the  concept  program  review  meeting. 

During  the  concept  selection  meeting,  it  was  decided  that 
there  is  sufficient  equipment  in  the  Army  inventory  to  perform 
the  starting  function  for  aircraft  equipped  with  dc  start 
systems.  Therefore,  the  need  for  the  TR  disappeared  and 
System  #1  (Figure  33)  beceime  the  selected  scheme. 

The  need  for  a 60-Hz  power  supply  was  reassessed  during 
the  concept  selection  meeting.  Cost,  weight,  and  volume 
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penalties  imposed  on  the  GPU  were  still  considered  too  great 
for  the  questionable  benefit,  and  the  requirement  for  a 60-Hz 
signal  output  was  deleted.  As  a compromise,  it  was  agreed  to 
provide  a 400-Hz,  115-v-olt  convenience  outlet  on  the  GPU,  which 
would  have  a decal  warning  that  it  was  400  Hz.  A conventional, 
parallel-blade  (with  grounding  pin)  receptacle  would  be  pro- 
vided for  equipment  such  as  light  kits,  soldering  irons,  and 
other  non-frequency-sensitive  devices. 
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5.0  DESIGN  OPTIMIZATION 


Program  concept  formulation  and  selection  activities  were 
conducted  with  the  goal  of  establishing  an  objective  evalua- 
tion system  and  selecting  approaches  to  satisfy  design  require- 
ments of  an  advanced  GPU.  The  analyses  conducted  to  establish 
the  concepts  on  which  the  recommended  arrangements  were  based 
were  performed  in  adequate  depth  to  ensure  feasibility,  but 
not  necessarily  to  ensure  design  compatibility.  The  purpose  of 
the  design  optimization  was  to  continue  component  evaluation 
to  the  point  of  assuring  compatibility,  specify  additional 
hard'A-.re  critical  to  GPU  function,  and  complete  the  definition 
of  hardware  unique  to  the  GPU. 

5 . 1 Specification  of  Equipment 

Prior  to  submitting  the  advanced  GPU  design  layout,  an 
attempt  was  made  to  ensure  compatibility  of  the  equipment 
selected  and  specified  as  a result  of  the  trade-off  studies. 

In  certain  cases,  it  was  found  that  components  or  subsystems 
were  not  compatible,  either  with  the  other  components  in  the 
subsystem  or  with  the  other  subsystems  in  the  GPU  system. 

For  this  reason,  a certain  amount  of  redesign,  reevaluation, 
and  redefinition  of  various  GPU  system  parts  was  required. 

5.1.1  Wheel  Drive 

The  recommended  GPU  concept  did  not  consider  a self- 
propelled  device,  although  self  propulsion  had  been  considered 
subsequent  to  meetings  with  the  airframe  manufacturers.  The 
towed  vehicle  system,  as  pointed  out  during  the  concept  selec- 
tion task  discussion,  met  all  problem  statement  requirements. 

As  a result  of  the  concept  review  meeting  discussion  of 
vehicle  mobility,  the  self-propelled  feature  was  reinstated  as 
a part  of  the  advanced  GPU. 

Wheel-drive  mechanisms  considered  to  that  point  included 
the  pneumatic  drive  recommended  by  Vehicle  Systems  in  the 
original  design  approaches,  and  a hydraulic  drive  originally 
considered  during  the  concept  formulation  and  concept  selec- 
tion tasks.  No  further  investigation  or  analysis  was  done 
once  it  was  decided  that  a towed  vehicle  met  problem  statement 
requirements.  When  the  self-propelled  feature  was  reinstated, 
it  beccune  necessary  to  review  information  that  had  been 
accumulated  to  that  point. 

As  discussed  in  Para.  3.2.7,  live  axle  designs  using  a 
single  drive  motor  and  differential,  live  axle  designs  using 
a simple  offset  gearbox,  and  direct-drive  hydraulic  motors. 
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wece  evaluated  before  selecting  a towed  device  for  the  recom- 
mended concept.  Further  evaluation  of  concepts  considered 
revealed  problems  with  each  of  the  devices. 

The  live  axle  design  with  offset  gearbox  provided  a rela- 
tively low  cost  arrangement,  allowing  the  use  of  a single-drive 
motor.  However,  major  modifications  to  the  skidbase/tank 
assembly  would  be  required  to  provide  space  for  the  offset 
gearbox.  In  addition,  no  differential  action  would  be  provided 
for  the  driving  wheels,  requiring  skidding  of  the  outside 
wheel  during  turns.  The  live  axle  differential  arrangement 
overcame  the  problem  of  wheel  skidding.  However,  this  system 
required  even  more  space  than  the  offset  gearbox  system,  and 
again  would  have  required  a major  redesign  of  the  fuel  tank. 

A review  of  available  data  indicated  that  gerotor  hydrau- 
lic motors,  provided  by  Char-Lynn  Division  of  Eaton  Manufac- 
turing Company,  would  provide  adequate  torque  for  use  in  a 
direct-drive  application  into  the  wheel  axle  without  requiring 
the  use  of  a gearbox  or  solid  axle,  thereby  significantly 
reducing  packaging  impact,  weight,  and  cost.  A design  calcula- 
tion for  the  Char-Lynn  motor  was  completed  to  provide  sizing 
for  motor  drives.  For  the  7.4-in.  rolling  radius  of  the 
Goodyear  16  x 6.5-8,  Soft  Trac  Terra  Tire,  a maximum  68  motor 
rpm  would  be  required  for  the  3-mph  maximum  vehicle  speed. 
Maximum  vehicle  towing  resistance  was  determined  to  be  495  lb. 
This  compared  very  favorably  with  the  estimated  490  lb  maximum 
provided  by  Vehicle  Systems  for  the  towed  device.  The  total 
tractive  effort  for  the  vehicle,  which  includes  acceleration 
torque,  was  determined  to  be  546  lb.  This  required  4040  in. -lb 
total  hydraulic  motor  torque  or  2020  in. -lb  each  for  the  two 
motors  anticipated  for  this  application.  This  torque  can  be 
delivered  through  the  wheels  with  tire  inflation  pressure 
reduced  to  approximately  15  psig.  The  Char-Lynn  motor  selected 
was  of  the  "S"  series  with  a mid-mounted  flange  having  23  cubic 
in.  per  revolution  displacement.  The  motor  could  actually 
deliver  torque  in  excess  of  that  required.  However,  the  slight 
oversizing  involved  was  felt  to  enhance  starting  capabilities. 

5.1.2  Hydraulic  System 

The  hydraulic  system  defined  in  Figure  35  was  derived  to 
fit  aircraft  systems  using  pressurized  reservoirs;  the  maximum 
reservoir  pressure  anticipated  was  60  psi  as  used  on  the 
CH-47D.  It  was  intended  that  matching  reservoir  pressure 
would  be  provided  in  the  GPU  either  by  pressurization  through 
bleed-air  from  the  GPU  power  plant  or  by  a separate  gas 
bottle  pressurization  arrangement  similar  to  that  used  on  the 
helicopters.  The  system  would  be  adjustable  so  that  aircraft 
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Figure  35. 


Selected  ground  power  unit,  hydraulic  schematic. 
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system  pressure  could  be  matched  by  GPU  system  pressure,  thus 
precluding  any  transfer  of  fluid  ^rom  one  reservoir  to  the 
other.  In  this  manner,  the  GPU  main  pxamp  precharge  require- 
ment would  also  be  satisfied. 

As  described  in  the  concept  formulation  section,  one 
airframe  manufacturer  chose  to  consider  all  UTTAS  aircraft 
data  requested  by  AiResearch  as  proprietary.  As  a result, 
concept  formulation  and  concept  selection  activities  were  con- 
ducted without  any  direct  information  input  from  that  company. 
Some  scattered  detail  information  was  obtained,  but  no  hard 
information  was  available.  Indications  were  that  the  reservoir 
pressure  was  only  11  psi.  This  pressure  is  too  low  to  allow 
cavitation-free  operation  of  the  GPU  main  pump.  Therefore, 
to  provide  long  life  and  satisfactory  operation  in  any  appli- 
cation, it  was  necessary  to  incorporate  a boost  pump  as  pro- 
posed for  the  current  fleet  aircraft  systems. 

In  searching  for  small,  lightweight,  compact  boost  pump 
systems,  a Vickers  pump  was  found  that  would  provide  a nearly 
ideal  solution  to  the  boost  pump  problem.  This  boost  pump 
design  consists  of  a two-stage  pumping  section  coupled  to  a 
hydraulic  motor.  The  two-stage  pumping  unit  is  comprised  of 
a cintrifugal  impeller  and  vane  pump.  A fixed  displacement, 
bent-axis  motor  drives  the  two  pumping  units.  When  high 
pressure  from  the  main  hydraulic  system  is  applied  to  the 
motor,  it  drives  the  boost  pump  to  deliver  inlet  flow  at  a 
pressure  proportional  to  the  high  pressure  flow. 

The  boost  pump  mounts  on  the  reservoir.  The  inlet  in 
the  center  of  the  mounting  flange  opens  directly  into  the 
reservoir  selector  valve.  The  centrifugal  impeller  takes 
fluid  from  the  reservoir  to  supply  the  vane  pump.  The  pump 
then  pressurizes  the  inlet  lines  to  the  engine-driven  variable 
displacement  pump. 

Flow  can  vary  from  0 gpm  at  92  psi  to  31.5  gpm  at  lower 
pressures,  depending  upon  system  needs.  The  controlled  flow 
occurs  because  the  motor  and  boost  pump  are  torque  balanced. 
That  is,  as  the  pump  output  pressure  approaches  92  psi,  the 
motor  stalls.  This  results  because  the  torque  then  required 
to  turn  the  pump  equals  the  motor  torque  capability.  When 
inlet  line  pressure  drops  below  92  psi,  the  motor  begins  to 
operate  again,  to  maintain  at  least  a 75-psi  inlet  pressure 
to  the  engine-driven  pump.  With  this  feature  no  relief  valve 
is  needed. 
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5.1.3  Battery  Charger 


During  the  concept  selection  meeting,  it  was  recommended 
that  Christie  Electric  be  contacted  regarding  battery  chargers, 
since  their  unit  was  widely  used  in  the  Army  for  shop  nickel- 
cadmium  battery  maintenance.  It  had  been  rejected  earlier 
because  of  its  requirement  for  a 60-Hz  power  input.  Additional 
investigation  indicated  an  interest  by  Christie  in  adapting 
the  unit  to  an  aircraft-type  package  using  a 400-Hz  input. 

When  the  final  proposal  was  received,  the  400-Hz  version  was 
the  same  package  size  as  the  60  Hz  and  weight  was  in  the 
range  of  120  to  130  pounds.  This  v/as  considered  to  be  too 
large  for  GPU  application. 

During  the  GPU  system  optimization  phase,  the  dc  voltage 
level  imposed  on  the  battery  by  the  battery  charger  was 
analyzed  in  more  detail.  The  charger  was  designed  to  supply 
the  battery  only  and  be  independent  of  the  system  dc  bus.  In 
this  way,  the  battery  could  be  run  through  the  proper  recharge 
cycle  without  concern  for  other  loads  that  might  be  affected 
by  these  voltage  swings.  The  battery  could  be  switched  to  the 
bus  in  the  event  of  normal  dc  supply  loss.  In  the  GPU  appli- 
cation, there  was  no  "normal"  dc  supply  as  differentiated 
from  an  emergency  or  backup  supply.  The  battery  and  its 
charger  were  the  only  source  of  dc  output;  therefore,  the 
battery  charger  output  would  be  imposed  on  other  dc  loads. 

Further  consideration  was  then  given  to  using  a small, 

2 0-  to  30-cimp  TR  unit  instead  of  the  battery  charger.  However, 
the  importance  of  keeping  the  GPU  battery  at  peak  performance 
condition  was  considered  to  outweigh  the  lower  cost  of  a TR 
unit.  The  battery  charger  design  was  modified  to  extract 
approximately  5 amperes  of  unregulated  28  vdc  from  the  charger, 
independent  of  the  battery  charger  output.  This  would  be 
used  to  supply  the  GPU  control  system  during  normal  operation. 
This  also  permitted  recharging  the  battery  in  an  optimum 
manner  without  compromising  it  by  dc  control  system  needs. 

5.1.4  Running  Gear 

Running  gear  selections  recommended  by  Vehicle  Systems 
were  discussed  in  Para.  3.2.7.  Items  selected  from  both  the 
United  and  Saginaw  catalogues  were  presented.  In  attempting 
to  illustrate  mechanical  arrangements  using  catalogue  selec- 
tions, an  incompatibility  was  found.  The  catalogue  components, 
as  recommended,  would  not  assemble  without  component  inter- 
ference. Wheels  would  not  fit  the  hubs,  and  the  hubs  and 
drums  would  not  accept  the  recommended  brake  systems.  Sub- 
sequent review  with  Vehicle  Systems  indicated  that  Saginaw 
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catalogue  data  was  inconsistent  and  AiResearch  was  advised  to 
use  only  the  United  Manufacturing  Co.  data.  Using  United 
catalogues,  a system  was  assembled  (shown  in  Figures  39 
and  41) . 

5.1.5  Inlet  Filter 

An  inertial  inlet  air  filter  was  shown  in  each  of  the 
layout  sketches  describing  the  GPU.  Sizing  for  this  filter 
was  based  on  available  information  derived  from  other  appli- 
cations. In  the  design  optimization  phase,  two  vendors  (the 
Donaldson  Company  and  Aircraft  Porous  Media)  were  contacted 
to  establish  firm  envelope,  weight,  and  cost  data  for  the 
inertial  inlet  air  filter.  Both  APM  and  Donaldson  have  basic 
filter  tubes  to  use  in  fabricating  shapes  and  forms  to  fit 
specific  installations.  Because  of  the  location  selected  for 
the  GPU  inlet,  a very  thin  filter  was  desired.  Therefore,  the 
smallest  available  swirl  tubes  were  used  to  establish  the 
filter  envelope.  Filter  sizing  was  based  on  an  average  engine 
airflow  of  3 Ib/sec.  The  specified  maximum  filter  pressure 
drop  was  3 in.  H2O.  From  AiResearch  calculations,  a device 

7.5  in.  high,  30.5  in.  wide,  and  3 in.  deep  was  derived. 

One  unique  feature  incorporated  in  the  GPU  inlet  filter 
installation  is  the  filter  scavenge  provision.  An  inertial 
inlet  air  filter  normally  takes  a small  supply  of  compressor 
bleed  air,  directs  it  to  a jet  nozzle,  and  mixes  it  with 
filter  scavenge  air  in  the  secondary  ejector  stage  to  scavenge 
the  contaminated  filter  air.  The  GPU  inlet  filter  is  imme- 
diately adjacent  to  the  exhaust  box.  Exhaust  box  pressure 
would  normally  run  at  5 in.  H-O  with  about  3 Ib/sec  flow 
capacity.  It  was  felt  that  filter  scavenge  capability  could 
easily  be  provided  by  attaching  the  filter  body  to  the  low 
pressure  exhaust  box  area  with  simple  orifice  penetrations, 
without  the  complexity  and  cost  of  an  ejector.  Discussions 
with  APM  indicated  that  two  penetrations  would  be  required, 
located  at  either  end  of  the  filter  element.  Because  of  the 
space  required  for  scavenge  ducting,  the  effective  filter  area 
length  was  decreased,  requiring  a slight  increase  in  vertical 
height.  Final  anticipated  filter  height  is  about  8.7  in.  If 
deterioration  in  the  inlet  duct  wall  occurred  due  to  radiation 
from  the  hot  pipe,  an  insulating  blanket  could  be  attached. 

5.1.6  Noise  Characteristics 

A GPU  noise  level  was  predicted,  based  on  the  bare  engine 
noise  characteristics  of  the  AiResearch  Model  GTCP36-50D  and 
on  attenuation  anticipated  from  installation  components. 
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Installation  treatments  were  identical  to  those  provided  for 
the  MERDC  30-KW  generator  set.  Anticipated  noise  levels  are 
shown  in  Figures  36  and  37.  The  noise  levels  at  the  operators 
station,  a series  of  points  at  a 3-ft  radius  from  the  geomet- 
ric center  of  the  operators  panel  and  5 ft,  8 in.  from  ground 
level,  are  compared  with  requirements  of  Category  D, 
MIL-STD-1474 . From  Figure  36,  it  may  be  seen  that  the  esti- 
mated noise  level  of  the  advanced  GPU  is  less  than 
MIL-STD-1474  requirements.  The  overall  noise  level  at  25 
feet  is  compared  with  requirements  established  for  the 
MERADCOM  30-KW  gas  turbine  engine-driven  generator  set.  These 
measurements  were  taken  at  25  feet  from  the  geometric  center 
of  the  set  at  a microphone  location  5 ft,  8 in.  from  ground 
level.  It  can  be  seen  that  estimated  noise  levels  for  the  GPU 
are  less  than  specification  requirements.  Attaining  estab- 
lished noise  levels  and  those  projected  for  the  GPU  are  felt 
to  be  within  current  state  of  the  art  i:i  gas  turbine  engine 
acoustic  treatments. 

5.2  Design  Layout 

Although  a fairly  complete  design  layout  was  prepared  for 
the  concept  review  and  selection  meeting,  additional  detail 
information  was  derived  during  the  design  optimization  task 
and  a new  layout  was  felt  to  be  justified.  For  this  reason. 
Figures  38  through  43  were  produced.  These  figures  depict 
general  arrangement,  outline  dimensions,  and  detail  installa- 
tion information  for  the  major  components  anticipated  to  be 
used  in  the  advanced  GPU.  The  parts  list  tFigure  38)  contains 
vendor  names  and  part  numbers  for  major  components  derived 
from  trade-off  studies  conducted  as  a part  of  the  program  and 
represents  a workable  system  based  on  the  analysis  conducted. 
Standard  hardware  or  parts  that  would  not  significantly  affect 
system  performance  were  specified  by  description  only,  not  by 
part  number,  and  may  be  chosen  from  any  vendor  catalogue. 
Vendor  data  for  all  the  detail  items  listed  in  the  GPU  parts 
list  were  included  as  part  of  the  contract  data.  Detail 
schematics  of  the  hydraulic  system,  and  ac  and  dc  electrical 
systems  and  are  shown  in  Figures  35,  44,  and  45. 
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Figure  38.  Selected  ground  power  unit,  parts  list 
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Figure  39.  Selected  ground  power  unit,  left  side  cutaway  view 
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Figure  41.  Selected  ground  power  unit,  end  view 


Figure  42.  Selected  ground  power 


Figure  43,  Selected  ground  power  unit,  final  instrument  and  control  panel 
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Figure  44.  Selected  ground  power  unit,  AC  circuit  wiring  schematic. 
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Figure  45.  Selected  ground  power  unit, 
DC  circuit  wiring  schematic. 
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6 . 0 ADVANCED  APU 


The  purpose  of  the  advanced  APU  analysis  was  to  determine 
whether  an  APU  (power  plant)  employing  advanced  technology 
components  sized  to  fit  the  application  could  offset  the  added 
cost,  risk,  and  complexity  inherent  in  a new  engine  development 
program.  Potential  advantages  of  the  advanced  APU  included 
size,  weight,  cost  (potentially  both  first  cost  and  life-cycle 
cost  through  reduced  fuel  consumption) , reliability,  and 
maintainability.  These  advantages  were  predicated  on  the 
assumption  that,  using  current  design  and  manufacturing  tech- 
nology, the  engine  was  designed  specifically  for  the  applica- 
tion rather  than  selected  from  a variety  of  available  off-the- 
shelf  power  plants  near  the  required  power  class. 

6 . 1 Parametric  Analysis 

Technology  incorporated  in  this  study  represented  low 
cost  aerodynamics,  manufacturing,  and  metallurgy  available  in 
calendar  year  1977.  For  this  study,  all  configurations  con- 
sidered utilized  cast  turbine  and  compressor  wheels,  metallic 
annular  combustors,  hot-end  foil  journal  bearings,  and  compact 
plate-fin  counterflow  recuperators  (where  applicable) , and  are 
single-spool,  constant  speed  engines. 

Required  GPU  outputs  at  two  operating  conditions  are  shown 
below; 


Pressure  altitude 
Ambient  temperature 
Pneumatic  output 

Mechanical  output 


Point  A 

Sea  level 

125<’F 

34  Ib/min 
at  47.2  psia 

59  shp 


Point  B 

10,000  ft 
64°F 

26.5  Ib/min 
at  34.1  psia 

59  shp 


System  analysis  indicated  that  altitude  point  (B)  was  the 
limiting  condition. 


Requirements  for  both  mechanical  and  pneumatic  output 
were  met  by  several  different  APU  systems  as  follows: 

o Pure  Shaft  Power  APU  - Required  a load  compressor 
mounted  on  the  gearbox,  but  permitted  optimizing 
power  section  performance. 


nai^sDiNa 
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o 


Integral  Bleed  APU  - With  a wide-range  compressor, 
eliminated  need  for  a load  compressor  and  surge 
valve,  but  compromised  power  section  performance 
optimization . 

o Integral  Bleed  APU  - With  a variable  diffuser,  per- 
mitted  a smaller  APU  than  with  the  wide  range  com- 
pressor. 

o Interstage  Bleed  APU  - Permitted  optimizing  power 
section  performance while  supplying  required  pneu- 
matic power,  but  required  both  variable  diffuser 
and  a second  compressor  stage. 

Recuperation  was  considered  as  a possible  option  for  both 
shaft-power  and  integral  bleed  APUs.  In  addition  to  reducing 
fuel  consumption,  the  recuperator  provided  muffling  for 
turbine  and  combustor  exhaust  noise,  and  therefore,  could 
eliminate  additional  exhaust  noise  treatment.  However,  the 
recuperator  could  not  occupy  more  volume  than  the  volume  of 
the  muffler  replaced  plus  fuel  saved. 

Figures  46  through  50  represent  the  parametric  perform- 
ance of  a pure  shaft  power  APU  without  and  with  recuperation. 
Turbine  inlet  temperature  levels  represent  equal  incremental 
gains  C75°F)  from  AiResearch  GTCP36-50  levels  to  the  2050°F 
level  to  be  demonstrated  by  the  AiResearch  GTP305-2  advanced 
APU  program.  A turbine  inlet  temperature  of  1975°F  was 
selected  as  a low  risk  production  value  for  1977  since  this 
temperature  was  only  moderately  higher  than  temperatures 
demonstrated  with  a cooled  nozzle  in  an  engine  in  1975. 

Thermodynamic  cycle  analysis  of  integral  bleed  engines 
with  wide-range  and  variable  diffuser  compressors  permitted 
the  performance  comparison  shown  in  Table  24. 

With  bleed  pressure  requirements  met  by  the  low  pressure 
compressor,  the  overall  pressure  ratio  of  the  interstage  bleed 
APU  could  be  varied  to  minimize  power  section  size.  Results 
of  this  parametric  analysis  are  shown  in  Figure  51. 

6 . 2 Preliminary  System  Selection 

A performance  comparison  of  the  four  types  of  non- 
recuperated  APUs  is  shown  in  Table  25. 

Comparing  integral  bleed  type  systems,  with  and  without 
variable  diffusers,  indicated  that  the  variable  diffusers 
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Figure  48.  Recuperated  engine  with  load  compressor 


TABLE  24.  COMPARISON  OF  INTEGRAL 
BLEED  ENGINES 


Variable 
Wide  Range  Diffuser 

Characteristics Compressor  Compressor 

Turbine  Inlet  Temperature  - ®F  1975  1975 


Engine  Airflow  at  10,000  Ft  64®F  2.102*  2.061* 

Full  Load  Operation  - 3b/sec 


APU  Fuel  Flow  at  10,000  Ft  64®F  86.4  84.3 

Full  Load  Operation  - Ib/hr 


Compressor  Design  Airflow,  1.980*  2.061* 

Ib/sec 


Compressor  Design  Pressure  3.8  3.56 

Ratio 


*Corrected  to  Sea  Level  Standard  Day  Conditions. 
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TABLE  25.  MAXIMUM  POWER  APU  COMPARISON 
AT  10,000  FEET,  64*F 


Required 

Corrected  Required 


Engine  Type 

Airflow 

Ib/sec 

Fuel  Flow 
Ib/hr 

Shaft  Power 

1.374 

77.0 

Integral  Bleed 

(wide  range  compressor) 

2.102 

86.4 

Integral  Bleed 

(variable  diffuser) 

2.061 

84.3 

Interstage  Bleed 

1.863 

67.3 

I 
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provide  a modest  (2.4  percent)  improvement  in  maximum  power 
fuel  consumption,  but  would  not  significantly  reduce  APU  size 
or  weight.  Incorporating  variable  diffusers  would  increase 
the  basic  APU  and  control  system  cost  and  likely  reduce  reli- 
ability. In  light  of  projected  first  cost  increases,  fuel 
savings  appeared  insignificant,  and  eliminating  the  variable 
diffuser  system  from  further  consideration  was  justified. 

The  attractiveness  of  the  interstage  bleed  APU  was  dimin- 
ished by  requirements  for;  CD  variable  diffuser,  (2)  second 
compressor  stage,  and  C3)  second  turbine  stage.  This  type 
would  have  a higher  cost,  lower  reliability,  increased  length, 
and  likely  increased  weight  relative  to  other  options.  These 
projected  penalties  also  eliminated  this  system  as  a possible 
option. 

6 . 3 Final  Systems  Analysis 

To  determine  the  worth  of  system  recuperation,  heat 
exchangers  for  both  shaft  power  and  integral  bleed  APUs 
were  sized.  Weight  and  volume  as  functions  of  recuperator 
effectiveness  are  shown  in  Figures  52  and  53.  This  information 
was  used  for  a recuperator/acoustic  treatment  trade-off 
analysis.  Systems  evaluated  are  shown  in  Table  26. 

The  primary  acoustic  benefit  of  using  recuperation  was  to 
reduce  the  hard-to-muf f le  low-frequency  combustion-generated 
noise.  Noise  was  reduced  as  effectiveness  increased  because 
the  combustor  temperature  rise  was  reduced.  The  predicted 
combustion  source  noise  for  the  engines  of  Table  27  is  shown 
in  Figure  54. 

For  each  APU  type,  a muffler  was  sized  that  would  quiet 
the  nonrecuperated  APU  to  the  same  noise  level  as  the  0.5  and 
0.8  effectiveness  recuperated  APU.  This  muffler  sizing  was 
done  using  actual  noise  suppression  test  data  and  theoretical 
calculations.  The  recuperators  for  these  same  systems  using 
the  lightweight  and  more  compact,  but  heavier  designs,  is 
shown  along  with  the  muffler  data  in  Table  28.  Using  this 
data  and  assuming  a 2-hour  maximum  power  fuel  requirement,  the 
system  volume  trade-off,  assuming  the  most  optimistic  mufflers 
and  larger  recuperators,  is  shown  in  Table  29.  A weight 
analysis  comparing  the  fuel  used  against  recuperator  core 
weight  is  shown  in  Table  30.  This  table  illustrates  that 
this  mission  would  permit  recuperated  engines  to  provide 
significant  weight  savings. 
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TABLE  28.  MUFFLER  VOLUMES  - FT^ 


Based  on  Test  Data  Theoretical  Value 


Bleed  APU 

Muffled 

to 

0.5 

"r 

2.0 

1.4 

Muffled 

to 

0.8 

^R 

3.6 

2.7 

Shaft  APU 

Muffled 

to 

0.5 

^R 

1.5 

1.1 

Muffled 

to 

0.8 

^R 

2.5 

1.8 

TABLE  29.  RECUPERATOR  VOLUMES  - FT 

Heavy  Core  Design 


Lightweight 
Core  Design 


Bleed  APU 
0.5 
0.8 

Shaft  APU 
0.5 
0.8 


1.05 

2.16 

0.71 

1.46 


0.80 

1.80 

0.57 

1.28 
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TABLE  30.  WEIGHT  ANALYSIS 


^R  = 0 

Er  = 0.5 

"r  = ° 

Bleed  APU 

Recuperator  Core, lb 

— 

13.0 

55.0 

Fuel  Weight,  lb 

172.8 

132.2 

95.4 

BLEED  APU  TOTAL 

172.8 

145.2 

150.4 

Shaft  APU 

Recuperator  Core,  lb 

— 

10.0 

42.0 

Fuel  Weight,  lb 

144.0 

122.0 

95.2 

SHAFT  APU  TOTAL 

144.0 

132.0 

137.2 
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Use  of  a shaft  power  APU  driving  a gearbox-driven  load 
compressor  would  require  a load  compressor,  load  compressor 
control  devices,  and  a more  complex  gearbox  for  implementation 
than  would  the  integral  bleed  system.  Therefore,  a shaft  power 
APU  system  would  have  more  parts,  higher  complexity,  and  a 
more  complex  control  system,  which,  for  this  application, 
would  result  in  increased  cost  and  lower  reliability.  For 
these  reasons,  the  advanced  APU  selected  is  of  the  integral 
bleed  type. 

The  data  presented  indicates  that  the  muf f ler/recuperator 
trade-off  is  decided  in  favor  of  recuperators.  The  data  also 
indicates  that  both  the  weight  and  volume  penalties  for  e = 

0.8  relative  to  e =0.5  designs  are  small.  Life-cycle  fuel 
savings  for  the  highest  effectiveness  system  would  be  signifi- 
cant; therefore,  the  e =0.8  recuperator  will  be  used. 


V 
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7.0  CONCLUSIONS  AND  RECOMMENDATIONS 

This  analysis  verified  that  a need  exists  for  a mobile, 
lightweight,  multi-output  ground  power  unit  for  AAH,  UTTAS, 
and  CH-47D.  The  study  also  illustrated  the  lack  of  equipment 
in  current  U.S.  Army  inventory  with  even  single-  or  dual- 
output to  provide  the  pneumatic  ground  service  requirements 
for  current  and  future  inventory  aircraft.  The  gas-turbine- 
driven,  self-propelled,  air- transportable  GPU  described  as  a 
result  of  this  study  meets  and  fulfills  all  of  these  needs. 

The  recommended  advanced  APU  for  this  GPU  system  is  an 
integral  bleed  machine  incorporating  a single-stage  radial 
compressor,  a single-stage  radial  turbine,  and  a compact  0.8 
effectiveness,  plate-fin  counterflow  recuperator. 

Several  areas  outside  the  scope  of  this  contract,  but 
worthy  of  continued  study  were  identified  during  the  conduct 
of  the  advanced  GPU  program.  These  areas  include; 

(a)  Infrared  - As  noted  in  Para.  3.2.13,  GPU  infra- 
red (IR)  characteristics  were  evaluated  and 
found  to  exceed  the  aircraft  allowable  limits. 
However,  no  IR  characteristics  are  defined  for 
the  GPU.  Therefore,  it  is  recommended  that 
GPU  IR  limits  be  defined  as  part  of  a separate 
study,  and  an  optimum  IR  suppression  scheme  be 
established  for  the  GPU. 

(b)  Advanced  APU  - Due  to  funding  limitations,  the 
advanced  APU  study  was  terminated  before  all 
originally  anticipated  work  was  completed.  Sev- 
eral interesting  subject  areas  warrant  further 
investigation,  including: 

o Recuperation/Sound  Attenuation  - The  addition 
of  a recuperator  to  a gas  turbine  was  foiind 
to  significantly  reduce  sound  noise  generated 
in  addition  to  normal  attenuation.  This 
effect  was  most  pronounced  in  the  difficult- 
to-treat  low-frequency  (combustor)  noise  area. 
It  would  be  desirable  to  continue  this  study 
and  test  on  a component  basis  to  provide  a 
complete  evaluation  of  this  concept.  A future 
study  could  consider  both  engine  and  component 
testing. 

o Size  and  Weight  Comparison  - The  size  and 

weight  of  the  recommended  advanced  APU  config- 
uration were  not  established.  It  would  be 
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interesting  to  complete  this  study  and  then 
conduct  a trade-off  to  evaluate  life-cycle 
cost  effects  including  development  of  the 
lighter,  smaller,  more  economical  advanced 
technology  unit  against  the  already  developed 
current  technology  unit  selected  and  illus- 
trated in  Figures  38  through  43. 


APPENDIX  A 
QUESTIONNAIRES 


Airframe  questions  - UTTAS 

Is  there  a hard  point  to  sling  lift  the  GPU? 

Allowable  GPU  weight  (2900  lbs?) 

Can  the  GPU  be  stowed  on  board-cargo  door  opening  size 
A/C  interface  description 
Electric 
Hydraulic 
Pneumatic 

Parallel  requirements 

Generator  description  Manfr  - P/N 

Size 

Electrical  System  description  Weight 

Speed 

Dir  of  rotation 
Cooling 

GCU  Manfr  - P/N 

Size 

Weight 

CT’s 

Contractor 

Manfr.  - P/JH 
Weight 
Speed 

Dir  of  rotation 
Mounting  pad 
Manfr  -P/N 

Size  , 

Weight 
Manfr.  P/N 
Size 
Weight 

Rating  t 
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Hydraulic  pump 

Hydraulic  System  description 


Accumulator 


Filter 


page  - 2 


Load  requirementa 
GPU  not  APU 

Max  elect 


Individual 

Max  combined  abaft  load  (byd  & elec 
Fault  Clearance? 


Max  byd 

Max  bleed  load  - 

Max  combined  abaft  & bleed  - 


How  arc  loada  aupplied  on  tbe  A/C 

GPU  ayatem  deacription  - Elect. 

Hyd. 

Pneu. 

Maintenance  Concepta/Pbilosophy  - 
IR  requirements 


Review  GPU  layout  - Service  cable  length 
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Airframe  questions  - AAH 

Is  there  a hard  point  to  slinq  lift  the  GPU? 
Allowable  GPU  weight  (1140  lbs?) 


1 


A/C  interface  description 
Electric 
Hydraulic 
Pneumatic 

parallel  requirements 
Generator  description 

Electrical  System  description 


GCU 


CT’s 

Contractor 


Manfr  - t/S 
Size 
Weight 
Speed 

Oir  of  rotation 

Cooling 

Manfr  - P/N 

Size 

weight 


Hydraulic  pump 
Hydraulic  System  description 


Accumulator 


Filter 


Manfr.  - P/^ 

Weight 

Speed 

Dir  of  rotation 
Mounting  pad 
Manfr  -P/^ 


page  - 2 


Load  requirements 
GPU  not  APU 

Max  elect 


Individual 

Max  combined  shaft  load  (hyd  & elec 
Fault  Clearance? 

Max  hyd 

Max  bleed  load  - 

Max  combined  shaft  & bleed  - 


How  are  loads  supplied  on  the  A/C 


GPU  system  description  - Elect. 

Hyd. 

Pneu. 

Maintenance  Concepts/Philosophy  - 
IR  requirements 


Review  GPU  layout  - 


Service  cable  length 


j 
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APPE14DI::  B 


SYSTEM 


Application: 


Loads : 


Environment: 


Rating : 


Regulation  & 
Protection: 


Mounting 

Interface: 


PROBLEM  STATEMENT 

PERFORMANCE  AND  DESCRIPTION  REQUIREMENTS 
400-HZ  GENERATING  SYSTEM 


To  be  mounted  on  and  driven  by  a gas  turbine 
or  diesel  engine  (through  an  appropriate  gear- 
box) which  is  part  of,  a ground  power  unit  (GPU) 
used  to  service  Array  helicopters. 

All  loads  typically  found  in  Army  helicopters, 
particularly  the  AAH  and  UTTAS.  In  addition, 
loads  in  the  GPU  will  include  a battery  charg- 
ing TR  and  possibly  a static  converter  rated 
at  approximately  1 leva. 

a)  Unit  must  produce  rated  output  when  operat- 
ing under  any  Of  the  following  conditions: 

o Sea  level  to  10,000  ft 
o -65“F  to  +140*F 

o Humidity;  sand  and  dust,  or  moisture  as 
may  be  drawn  into  GPU  enclosure 
o Mounting  in  any  attitude 

b)  In  a nonoperating  mode>  unit  will  be  sub- 
jected to  shoc}c  and  vibration  loads  as 
encountered  during  air  or  ground  transport. 

c)  Unit  shall  be  self-cooled. 

Rating  shall  be  in  the  range  of  20  leva  at 
120/208  volts,  three  phase,  400  Hz.  Power 
quality  to  meet  MIL-STD-704A. 

Proposed  system  should  include  a GCU  and  regu- 
lator. GCU  to  include  overvoltage,  undervolt— 
age,  underf requency,  overcurrent,  logic, 
anti-cycling,  fault  current  limiting,  contactor 
control  and  excitation  control  provisions.  If 
special  CTs  are  required,  they  shall  be  included. 
Regulator  shall  regulate  voltage  to  MIL-STD- 
704A  limits. 

Preferred  speed  is  8,000  rpm  but  12,000  or  6,000 
are  acceptable.  Speed  input  range  is  iS%.  ANb 
10262,  5- inch  bolt  circle  type  mounting  flange 
preferred.  Direction  of  rotation  is  ccw  facing 
mounting  flange.  Vendor  to  advise  whether  gen- 
erator requires  special  cooling  (oil  or  air) 
provisions  and  spline  and  flange  details. 
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Qualification: 


Physical: 


Vendor  Response: 


Preference  will  be  given  to  units  that  have 
previous  military  aircraft  usage.  Vendor  to 
advise  applicable  specs  and/or  aircraft  usage 
that  applies  to  proposed  hardware. 

Vendor  requested  to  advise  and/or  provide  drav/- 
ings  on  dimensions,  weight,  interfaces  and 
mounting  provisions  for  generator,  GCU  regulator 
and  CTs. 

In  addition  to  providing  drawings  in  sufficient 
detail  to  design  the  GPU  compartment,  vendor  is 
also  requested  to  provide  statement  on  repair- 
ability,  maintainability,  service  life,  main- 
tenance man-hours  per  operating  hour,  HTBF  and 
a description  of  the  system.  Vendor  also 
requested  to  provide  budgetary  cost  for  500-unit 
procurement  over  a three-year  period  based  on 
1976  prices. 
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APPENDIX  C 


PROBLEM  STATEMENT 

UNIT  PERFORMANCE  AND  DESCRIPTION  REQUIREMENTS 
60-HZ  POWER  SUPPLY 


Application: 
Loads : 

Environment: 


Noise: 
Rating : 

Input: 

Output: 

Protection: 


To  be  mounted  in  a ground  power  unit  (GPU) 
which  is  used  to  service  Army  helicopters. 

Hand  tools,  trouble  lights  and  miscellaneous 
housekeeping  loads.  Typical  tools  are  a small 
hand  drill,  heat  gun,  soldering  iron. 

a)  Unit  must  produce  rated  output  when  operat- 
ing under  any  of  the  following  conditions: 

o Sea  level  to  10,000  ft 
o -eS^F  to  +140*F 

o Humidity,  sand  and  dust,  or  moisture  as 
may  be  drav;n  into-  GPU  enclosure 
o Mounting  in  any  attitude 

b)  In  a nonoperating  mode,  unit  will  be  sub- 
jected to  shock  and  vibration  loads  as 
encountered  during  air  or  ground  transport. 

c)  Unit  shall  be  self-cooled. 

Unit  shall  not  emit  acoustic  noise  or  EMI  that 
interferes  with  helicopter  checkout. 

Rating  shall  be  approximately  1 kva  but  at 
least  sufficient  to  permit  satisfactory  opera- 
tion of  loads  indicated  above. 

Preferred  input  is  either  single  or  three 
phase,  400  Hz,  120/208  volts,  which  will  be 
within  limits  of  MIL-STD-704A.  Alternate 
inputs  are  full  wave  rectified  400  Hz  or  28  vdc 
which  is  supplied  by  a transformer  rectifier  > 

with  an  11  a-hr  battery  floating  on  the  bus. 

60  Hz,  120  V,  single  phase.  Nave  shape  and 
regulation  to  be  adequate  to  permit  satisfac- 
tory operation  of  loads  indicated  above. 

Overload — others  optional  (ov,  uv,  etc.).  Unit 
shall  not  be  damaged  by  a short  circuit. 
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Qualification: 


Physical : 


Vendor  Response: 


Preference  will  be  given  to  units  that  have  had 
previous  aircraft  application.  Vendor  is 
requested  to  list  specs  and/or  aircraft  usage 
that  applies  to  proposed  unit. 

Vendor  is  requested  to  provide  dimensions  and 
weight  of  proposed  unit.  If  two  or  more  units 
are  required  to  operate  in  parallel  in  order 
to  adequately  supply  loads,  size  and  weight  of 
individual  and  total  package  shall  be  provided 
plus  any  interface  devices  or  physical  proxim- 
ity limitations  that  apply. 

Interested  vendors  are  requested  to  supply  data 
on  proposed  inverter  or  converter  to  meet  above 
problem  statement.  Key  data  required  are  size, 
weight,  rating,  output  characteristics,  input 
requirements,  repairability , service  life,  MTBF, 
limitations  (temperature,  overload,  vibration,  • 
power  factor,  etc.)  and  previous  usage  and  qual 
st.atus  of  proposed  unit  or  its  derivative. 

Vendor  also  to  provide  budgetary  cost  for  500- 
unit  procurement  over  a three-year  period  based 
on  1976  pricing. 
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